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fi Arma’s self-contained integrated navigation 

or and fire control systems will contribute 
materially to the operational effectiveness 

and A rma and all-weather capabilities of our 

nation’s latest tactical fighter bombers. 

Arma Garden City, N. Y. A divisicn 


of American Bosch Arma Corporation. 
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24th Annual Meeting—Summary of Technical Sessions 

The Economics of Large Aircraft Grover Loening 
Silencing the Jet Aircraft Holden W. Withington 
Rocket and Satellite Studies During the IGY Joseph Kaplan 


Problems in the Design of Propeller-Driven Vertical Take-Off Transport 
Airplanes..........1/. O. \[cKinney, R. E. Kuhn, and J. B. Hammack 


The Application of Nondestructive Testing by a Manufacturer of Military 
W. J. Maloney, Jr. 


IAS News......... Personnel Opportunities............. 


Guest Editorial by Dr. James R. Killian, Jr... .. 
Sherman M. Fairchild Publication Fund Papers. . 
IAS Preprints. . . 


: : Index to Advertisers 
Aeronautical Reviews......... 


International Aeronautical Abstracts........... 169 New Products and Product Literature 


Cover—Goodyear Aircraft Corporation's inflatable airplane takes off 
on a demonstration flight. Made rigid by low air pressure, the fabric 
wings and fuselage support a 40-hp. engine and the pilot. Deflated, 
the plane fits into the rear of a station wagon. Goodyear designed and 
built the experimental plane to test the possibility of using its Airmat 
fabric—a rubber-coated, reinforced nylon—as structural material for 
aircraft. The metal supports and struts are attached with high-strength, 
fan-shaped patches of rubberized material. 


Published Monthly by the 
Institute of the Aeronautical Sciences, Inc. 
2 East 64th Street, New York 21, N.Y. 
Western Office: 7660 Beverly Bivd., Los Angeles 36, Calif. 
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1.A.S. News Notes 


April 1956 


THE INSTIT UTE'S National Summer Meeting in Los Angeles, June 18-21, will 
consist of 3days of technical sessions at the IAS Building,a dinner in the Bilt- 
more Hotel, and a field trip to March Air Force Base. Tentative plans call for 
sessions on Aerodynamic Heating, Operation of Large Turbine-Powered Air- 
craft, Low-Speed Flight, Economics, Sociological Influences, Nuclear Engi- 
neering, Supersonic Propulsion, and Development of the B-52. The Annual 
Banquet on Wednesday evening, June 20, will be in the nature of a tribute to 
Theodore von Karman marking his 75th birthday. Hugh L. Dryden, Director 
of the NACA, will deliver the principal address, Further details will appear 
in next month's Review. 

THE AMERICAN HELICOPTER SOCIETY has scheduled its Twelfth Annual 
National Forum for May 2-5 at the Sheraton Park Hotel, Washington, D.C. The 
speaker at the Honors Night Dinner May 3 will be L. B. Richardson, FIAS. Lt. 
Gen. James M. Gavin, USA, will address a luncheon the following day. IAS 
members are invited to attend the AHS Forum without paying a registration fee. 


A RECENT COUNT shows the Institute now has more than11,000 graded mem- 
bers and 3,000 student members, 


NATIONAL MEETINGS CALENDAR 


Summer Meeting, IAS Building, Los Angeles, California. 
Turbine-Powered Air Transportation Meeting, Grant Hotel, San 
Diego, California. 


JOINT MEETINGS CALENDAR 


IRE National Conference on Aeronautical Electronics, Biltmore 
Hotel, Dayton. IAS Session on Human Engineering. 
National Telemetering Conference, Biltmore Hotel, Los Angeles. 

Co-sponsored with AIEE, IRE, and ISA, 


REGIONAL STUDENT CONFERENCES 


Detroit Section Conference, University of Detroit, 

Middle Atlantic Conf. , University of Maryland, College Park, Md. 

Southwestern Conference, Hotel Adolphus, Dallas, Texas, Spon- 
sored by the Texas Section. 

Northeastern Conference, Brown University, Providence, R I, 

St. Louis Section Conference, Congress Hotel, St. Louis, Mo. 

Southeastern Conference, Georgia Institute of Technology,Atlanta, 
Sponsored by the Atlanta Section. 

West Coast Conference, IAS Building, Los Angeles. Sponsored 
by the Los Angeles Section. 


>}! 
= 
June 18-21 
" Aug. 15-17 
| May 14-16 
Aug. 20-21 
Apr. 10 
Apr. 13-14 
Apr. 19-21 
Apr. 20-21 
Apr. 25 
Apr. 26-27 
Ma y 3.5 
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SECTION MEETINGS CALENDAR 


Atlanta Section: Officers Club, Naval Air Station, Chamblee, Ga, 

Reception 6:30 p.m., Dinner 7 p.m. "Some Experiences with Atomic 
Weapons" by Alan Y. Pope of Sandia Corporation. 

Philadelphia Section: Joint Meeting with Aero Medical Association and 
Franklin Institute Labs. , at Franklin Institute. Reception 6:30 p.m., 
Dinner 7 p.m., Meeting 8 p.m. ''Supersonic Speeds and Human Tol- 
erance" by Lt. Col. John P. Stapp, Aero Medical Field Lab., USAF, 

Los Angeles Section: Family Night, IAS Building, 6 p.m. Buffet Din- 
ner and Movies. Bring wives and teenagers, 

Los Angeles Section: Specialist Meeting, IAS Building, 8 p.m. ''The 
Free, Shock-Separated, Turbulent Boundary Layer" by Artur Mager 
of Marquardt Aircraft Company. 

Cleveland-Akron Section: Case Institute of Technology. Dinner 6:30 
p.m., Meeting 7:30 p.m. Minta Martin Lecture,''The Aerodynamics 

of Aircraft Engines,'' by William R. Hawthorne, of M.I.T. 

Niagara Frontier Section: Cornell Aeronautical Laboratory, 8 p.m. 

"Problems of Aerodynamic Testing at Hypersonic Velocities" by A, 

Hertzberg of Cornell Aeronautical Laboratory. 

San Diego Section: IAS Building, 8 p.m. ''Reverse Thrust" by Paul 
P. Datner, Aerojet-General Corporation, 

Indianapolis Section: Marott Hotel. Reception 6:30 p.m., Dinner 7 
p.-m., Meeting 7:45 p.m. "Air Force Aims in Aeronautical Develop- 
ment'' by Brig. Gen. Marvin C. Demler, USAF, of ARDC. 

Columbus Section: Officers C lub, Naval Air Station, 8:30 p.m. '"Aero- 
elasticityat High Temperatures" by Robert Laidlaw of NorthAmerican 
Aviation, Inc. 

Baltimore Section: Joint Meeting with Washington and Hagerstown 
Sections at Johns Hopkins Applied Physics Labs., Silver Spring, 6p.m, 
Panel Discussion on Survival. 

Dayton Section: Cordell's Supper Club, Fairborn, 6:30 p.m. "Some 
Trends in Aircraft Accessories" by J. Edward Taylor of Thompson 
Products, Inc. 

Los Angeles Section: IAS Building. Reception 6 p.m.,Dinner 7p.m., 
Meeting 8 p.m. ''The Development of Rolls-Royce Propeller-Turbine 
Engines" by D. P. Huddie,. 

San Francisco Section: Ramor Oaks Restaurant, Atherton, 8 p.m. 
"VTOL Aircraft" by Robert J. Woods of Bell Aircraft Corporation. 
Los Angeles Section: Field Trip to Nike Site, 10 a.m, 

Los Angeles Section: Specialist Meeting, IAS Building,8 p.m, ''Asym- 
metric Disturbances and Stalling in Axial Compressors" by W. Duncan 
Rannie of California Institute of Technology. 

San Diego Section: IAS Building, 8 p.m. ''Supersonic Design Consid- 
erations'' by Robert J. Woods of Bell Aircraft Corporation, 

.St. Louis Section: Congress Hotel, 6:45 p.m, Dinner Meeting for Pre- 
sentation of Awards in Student Paper Competition. 

New York Section: Suburban Restaurant, Paramus, N. J. Dinner 7 


p.m.,, Meeting 8p.m, ''Training for Flight Beyond the Earth" by J. 
Gordon Vaeth, Special Devices Center, Office of Naval Research. 


Apr. 5 

Apr. 5 

Apr. 7 

Apr. 10 

Apr. -il 
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IAS News 


A Record of People 
of Interest to Institute Members 


Conference on Aeronautical Electronics 


IAS Will Participate in IRE’s Dayton Meeting 


with Session on Human Engineering 


As THIS YEAR, the Institute of the Aeronautical Sciences is participating in 
the Institute of Radio Engineers’ National Conference on Aeronautical 


Electronics, to be held in Dayton, Ohio, May 14-16. 


day conference will be the Dayton 
Biltmore Hotel, and the 22 sessions 
will be divided between the hotel and 
the Engineers Club. 

The IAS will sponsor the session on 
Human Engineering, Tuesday after- 
noon, May 15, at the Engineers Club. 
The moderator of this session will be 
J. M. Christensen, Assistant Chief of 
the Psychology Branch, Aero Medi- 
cal Laboratory, Wright Air Develop- 
ment Center. 

The Dayton Section of the IAS, 
headed by Chairman W. Donald Dodd, 
Jr., is handling arrangements for IAS 
participation in the Conference. There 
will be a reduced registration fee for IAS 
members. 


>Seven papers are scheduled for 
presentation at the Human Engineer- 

ing Session. They are: 
“Human Engineering Contributions 
to System Design’ by Ralph Queal, 
Air Development Center, 


“The Use of Mock-Ups in Air- 
Borne Equipment Designing’ by 
eorge W. Michalec, General Pre- 
ision Laboratory. 

“Integrated Cockpit Presentation” 
by T. J. Thomas, Kearfott Company, 


Klimowski, Jr., Stavid Engineering, 


“Collapsing Loss in Air-Borne 


adio Corporation of America. 

“The PPI Display as a Linear 
iter” by Daniel Levine, Goodyear 
Aircraft Corporation. 


Headquarters for the 3- 


“On Flight Instrument Quantiza- 
tion” by L. J. Fogel and D. Jager- 
man, Stavid Engineering, Inc. 


> The following subjects will be 
covered—each by several papers— 
during the 3-day meeting: 

Monday, May 14—WMorning ses- 
sions: Magnetics I, Components I, 
Semiconductors, Circuits. Afternoon 
sessions: Management, Environ- 
ment, Electron Tubes I, Testing and 
Test Equipment. 

Tuesday, May 15—Morning ses- 
sions: Computers I, Components II, 
Semiconductor Circuits I, Antennas I. 
Afternoon sessions; Human Engi- 
neering, Forum on ‘‘How to Accelerate 
Research and Development of Aero- 
nautical Electronics.” 

Wednesday, May 16— Morning ses- 
sions: Magnetics II, Radio Inter- 
ference and Radio-Frequency Cables, 
Semiconductor Circuits II, Antennas 
II. Afternoon sessions: Computers 
II, Analysis Techniques, Electron 
Tubes II, Equipment. 

Richard J. Framme, President of 
the IRE’s eighth annual Conference 
on Aeronautical Electronics, will de- 
liver the welcoming address. He is 
Chief of the Product Control Office, 
Directorate of Laboratories, Wright 
Air Development Center. 

The program, according to Mr. 
Framme, has been planned to meet 
two objectives: First, to increase the 
scientific knowledge of the individual 
and, second, to enhance the profes- 
sional and social dignity of the indi- 
vidual. The technical papers will 
cover many phases of the broad sub- 
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and Events 


W. Donald Dodd, Jr. 


ject of aeronautical electronics and 
will stress the theme ‘‘How to do it.” 

The Proceedings distributed at regis- 
tration will supply a printed record of 
all technical papers, differing from the 
previous year’s Digest in that the 
complete paper is provided for future 
reference. 

Luncheons scheduled for 
Monday and Wednesday. The ban- 
quet and dance will be Tuesday 
evening. 

More than 75 industrial exhibits 
will be on display at the hotel. 


> The Institute’s increasing interest 
in electronics is shown not only by 
participation in this IRE meeting in 
Dayton but by the large number of 
papers on electronics and related 
subjects presented at the IAS Annual 
Meeting in New York. Twelve of 
these papers will be published in full 
in the May issue of the REvIEw, which 
will be the annual special issue on 
Electronics in Aviation. 

Later this year, the Institute will 
join the IRE, American Institute of 
Electrical Engineers, and Instrument 
Society of America in sponsoring the 
1956 National Telemetering Con- 
ference. This will be held August 20, 
21 in Los Angeles. 


Vo 

ARDC. 

Unc. 

“New Engineering Techniques in 
h_ @light Display Evaluation” by Frank 

inc, 

Radar Displays” by L. E. Mertens, 

P. N. Nesbeda, and J. P. Mayberry, 
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Nicholas J. Hoff 


Hoff Lectures in Europe 
Under AGARD Auspices 


Nicholas J. Hoff, FIAS, Head of the 
Department of Aeronautical Engineer- 
ing and Applied Mechanics at the 
Polytechnic Institute of Brooklyn, made 
a European lecture tour in January 
under auspices of the Advisory Group 
for Aeronautical Research and 
Development of the North Atlantic 
Treaty Organization. He is a member 
of AGARD and until recently was on 
the USAF Scientific Advisory Board. 

The invitation lectures discussed the 
effects of high temperatures on the 
structural behavior of supersonic air- 
planes and missiles, with particular 
reference to aerodynamic heating, heat 
transfer in the structure, thermal 
stresses, thermal buckling, creep, stress 
distribution in the presence of creep, 
and creep buckling. 

Speaking in French, Dr. Hoff 
delivered four lectures at the Scuola 
d’Ingegneria Aeronautica of the Uni- 
versity of Rome, two at the Institut 
Henri Poincaré of the University of 
Paris, two at the Office National 
d’Etudes et de Recherches Aéronauti- 
ques (ONERA, the French equivalent 
of NACA), and one at the University 
of Liége, Belgium. 

After the final lecture, the Medal of 
the University of Liége was bestowed 
upon Dr. Hoff in recognition of “‘the 
services he has rendered to the aero- 
nautical sciences, to applied mechanics, 
and to international cooperation in 
aeronautics among the NATO nations.” 


Students Present Papers 
in Eight Competitions 


Student members of the Institute are 
participating this spring in eight 
Regional Student Conferences, con- 
veniently spotted geographically to 


attract entries from scores of engineer- 
ing schools in all parts of the United 
States. 

Conducted by the IAS under auspices 
of the Minta Martin Aeronautical 
Student Fund, these meetings provide 
an incentive for students to write 
technical papers and enter them in com- 
petition. This year’s series of eight 
regional competitions is the largest 
since the annual conferences were 
inaugurated in Detroit in 1948. Last 
year there were six. 

At each regional conference, a dozen 
or more schools are represented by 
local winners in separate undergraduate 
and graduate classifications. The 
youthful authors have the experience of 
reading their papers personally before 
an appreciative professional audience. 
They compete for cash prizes and other 
honors. Traveling expenses are paid 
by the Fund. 

The winning papers at each regional 
conference will be published by the 
Institute in a booklet entitled 1956 
First Award Papers. Plaques will be 
presented to the two national winners, 
an undergraduate and a_ graduate 
student. 

The first regional conference this year 
took place March 12 at Purdue Univer- 
sity. Others are scheduled for this 
month at the University of Maryland, 
Brown University, Georgia Institute of 
Technology, and in Dallas and St. 
Louis. Two conferences will be held in 
May in Los Angeles and Detroit. All 
but two of the conferences are sponsored 
by IAS Sections in the various areas. 


W. A. M. Burden Named 


Trustee of Columbia 


William A. M. Burden, a Past 
President and Benefactor of the Insti- 
tute, has been elected a life member of 
the Board of Trustees of Columbia 
University. 

The former Assistant Secretary of 
Commerce for Air, who was graduated 
from Harvard in 1927, is Chairman of 
the Aviation Advisory Committee of 
the Harvard School of Business Admin- 
istration. He is President of the 
Museum of Modern Art, New York, 
and active in several charitable and 
educational organizations. From 1950 
to 1952 he served as Assistant for 
Research and Development to the 
Secretary of the Air Force. 

A number of years ago, Mr. Burden 
presented a large collection of avia- 
tion books, periodicals, and Govern- 
ment reports to the IAS Library. 


Uniterm Index Issued by 
Pacific Aeronautical Library 


The Pacific Aeronautical Library of 
the IAS has adopted the Uniterm sys- 
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William A. M. Burden 


tem of coordinate indexing for its 
periodical index, beginning with the 
1955 volume. Prior to last year, the 
material was compiled under subject 
headings, on cards. 

Under the new system, information 
contained in a collection of documents is 
analyzed into the simplest practical 
word units of information, thus giving 
rise to the name ‘“‘Uniterm.”’ Each of 
these basic words is assigned a separate 
catalog card, and each document to he 
catalogued is given a serial number, 
These serial numbers are posted on all 
cards headed by the Uniterms by which 
the documents have been analyzed. 

For example, suppose a searcher is 
looking for information on “‘air-cooled 
aircraft guns.’’ There is no need for 
him to search the indexing system for 
the six possible ways by which this 
information could be filed. Instead, 
he has only to select three Uniterm 
cards, each bearing one of the three 
subject words, and compare the cards 
for any and all serial numbers they 
might have in common. Once the 
searcher has noted these serial numbers, 
he knows precisely where all available 
information on ‘‘air-cooled aircraft 
guns’’ may be obtained. 

About 180 technical periodicals and 
reports are represented in the 195d 
Pacific Aeronautical Library Index, 
which sells for $25. For the first time, 
it has been published in desk catalog 
form, with an index of authors. Pre- 
viously, the index had been distributed 
to subscribers on cards and sheets. In 
listing articles, an effort is made not to 
duplicate work done by the Industrial 
Arts Index, and particular attention is 
given to British periodicals not covered 
by Industrial Arts. 

During 1956, the index is being cumu- 
lated quarterly. Accession lists of 
articles indexed, with Uniterms used, 
will be issued once a-week, and the desk 
catalog will allow space for articles to be 
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posted, so that subscribers may keep 
the index on a current basis if they wish. 

For further information on the 1956 
jndex, including price, write the Pacific 
Aeronautical Library, IAS Western 
Headquarters, 7660 Beverly Blvd., Los 
Angeles 36. 


MAA Continues Officers 


Several IAS members have been re- 
elected as leaders of the Manufacturers 
Aircraft Association, Inc., for 1956. 
The Association administers the patent 
cross-licensing agreement for the air- 
plane industry in the United States. 

Among six Vice-Presidents re-elected 
at the annual meeting on January 31 
were Robert E. Gross, AMIAS; J. H. 
Kindelberger, Honorary Fellow; Charles 
H. Chatfield, FIAS; and John A. San- 
born, AFIAS, who is General Manager 
of the Association. James M. Clark, 
MIAS, was re-elected Assistant Treas- 
urer and Assistant Secretary. 

Among the Directors re-elected were 
Mr. Chatfield, Robert R. Osborn, 
FIAS; L. B. Richardson, FIAS, and 
George C. Sullivan, MIAS. 


IAS NEWS 


Sigma Gamma Tau 


Four members of the Institute are 
guiding Sigma Gamma Tau, the national 
honorary aeronautical engineering 
society, which now has 15 chapters. 


Henry S. Stillwell, MIAS, Head of 
the Aeronautical Engineering Depart- 
ment of the University of Illinois, is 
President. Henry Burlage, Jr., MIAS, 
Assistant Professor of Aeronautical 
Engineering at Case Institute of Tech- 
nology, is First Vice-President. John 
J. Harper, MIAS, Associate Professor 
in the Daniel Guggenheim School of 
Aeronautics, Georgia Institute of Tech- 
nology, is Second Vice-President. 
Harry H. Hilton, AFIAS, Assistant 
Professor of Aeronautical Engineering 
at the University of Illinois, is Secre- 
tary-Treasurer. These four men also 
comprise the National Executive Coun- 
cil. 


Membership in the honorary society 
is open to juniors, seniors, and graduate 
students studying aeronautical engi- 
neering or aero options in ECPD-accred- 
ited colleges. 


NEWS OF MEMBERS 


> William F. Ballhaus (AF), Chief 
Engineer of Northrop Aircraft, Inc., 
has been reappointed to the NACA’s 
Committee on Aircraft Construc- 
tion. 


» E. Arthur Bonney (M), Head of the 
Aerodynamics Group of the Applied 
Physics Laboratory, The Johns Hop- 
kins University, has been given the 
Engineering Science Award of the 
Washington Academy of Sciences for 
“outstanding contributions in the 
field of supersonic aerodynamics.”’ 


> Leslie A. Bryan (M), Director of the 
Institute of Aviation at University of 
Illinois, has been elected a _ Vice- 
President of the National Aeronautic 
Association. 

>» Gen. Benjamin W. Chidlaw, USAF 
(Ret.) (F), Vice-President of Thomp- 
son Products, Inc., was General 
Chairman of the National Model 
Plane Show held in Cleveland last 
month. 

>Lee L. Douglas (M), Vice-Presi- 
dent—Engineering, Vertol Aircraft 
Corporation, has been named Chair- 
man of the NACA’s Subcommittee 
on Helicopters. He also is a member 
of the NACA’s Committee on Aero- 
dynamics. 

>John A. Drake (M), Director of 
Long-Range Plans and _ Research, 


Marquardt Aircraft Company, has 
been reappointed to NACA’s Sub- 
committee on Internal Flow. 

p> William R. Enyart (AF), President 
of Simmonds Aerocessories, Inc., has 
been appointed to the Executive Com- 
mittee of the National Aeronautic 
Association. 


> Lt. Col. Leon S. Jablecki, USAF 
(M), of Headquarters, Air Research 
and Development .Command, has 
been appointed to the NACA’s Sub- 
committee on Aircraft Loads. 


> Roger W. Kahn (M), Service Man- 
ager and Test Pilot of Grumman Air- 
craft Engineering Corporation, has 
been appointed to the Executive Com- 
mittee of the National Aeronautic 
Association. 


p» Frederick B. Lee (M), former CAA 
Administrator, has been elected Presi- 
dent of the Aero Club of Washington. 


» George N. Mangurian (AF), Chief 
of Structures, Northrop Aircraft, 


Inc., has been reappointed to the 
NACA’s Subcommittee on Aircraft 
Structures. 


>» Capt. W. T. McGinness, USAF 
(TM), of Headquarters, Air Research 
and Development Command, has been 
appointed to the NACA’s Subcom- 
mittee on Aircraft Structures. 


reappointed to the 
committee on 
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Don R. Berlin, FIAS, President of Ver- 
tol Aircraft Corp., has been elected Chair- 
man of the Helicopter Council of the Air- 
craft Industries Association. 


> Paul A. Pitt (M), Chief Engineer of 


Solar Aircraft Company, has been 
NACA’s Sub- 
Combustion. He is 
a specialist in gas-turbine theory and 
design. 

>» Robert F. Robinson (M), Assistant 
Chief of the Aerodynamics Branch, 
Air Research and Development Com- 
mand, USAF, has been appointed to 
the NACA’s Subcommittee on Sea- 
planes. 

>» Harry Tobey (M), Chief of Struc- 
tures, Vertol Aircraft Corporation, 
has been appointed to the NACA’s 
Subcommittee on Aircraft Loads. 

>» Don L. Walter (AF), Vice-Presi- 
dent—Engineering, Marquardt Air- 
craft Company, has been reappointed 
to the NACA’s Subcommittee on 
Engine Performance and Operation. 


Members on the move.... 
This section provides information con- 
cerning the latest affiliations of IAS 
members. All members are urged to 
notify the News Editor of changes as 
soon as they occur. 


Paul D. Arthur (M) has joined Mar- 
quardt Aircraft Company, Van Nuys, 
Calif., as a Research Scientist. He was 
formerly with the Guided Missile Research 
Division of The Ramo-Wooldridge Corpo- 
ration. 


Emmet E. Baker, Jr., (M) has been 
named Manager of the Electronics Divi- 
sion of Chamberlain Aviation, Inc., 
Akron, Ohio. He is in charge of systems 
engineering of radio and radar installations 
in executive aircraft. He was formerly 
with Bendix Aviation Corporation, Balti- 
more. 


(Continued on page 128) 
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Dr. James R. Killian, Jr. 


President 
Massachusetts Institute of Technology 


America’s Capacity to Maintain 


Guest Editorial 


* Honors Night Dinner Address, 24th Annual 


Meeting, IAS, N.Y., Jan. 23-26, 1956. 
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© Fabian Bachrach 


Technological Leadership* 


- the economic strength of all nations depends 
increasingly upon that combination of science, engi- 
neering, and industry which we call technology. So, too, 
does the safety of the free world. In a frightening 
degree, the deterrence of total war and the integrity of 
the free world depend upon America’s capacity to 
maintain a position of great relative technological 
strength in both the economic and military measures 
and in the countermeasures of the cold war. 

As we face this challenge to American technology, 
we watch the Soviets’ steady growth in technological 
strength. The Soviet success in achieving an educa- 
tional output of scientists and engineers greater than 
our own has brought an awakened realization of the 
present responsibilities of our own educational system. 
At this critical point, we discover that we face an almost 
irremediable shortage of teachers as our manpower 
needs reach their peak—and just at the time the 
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Soviets seemingly have achieved a nearly adequate 
cadre of teachers. 

_As we look more closely at published reports of 
Soviet progress, we see other impressive accomplish- 
ments in technology. Russia apparently has a master 
plan—a grand strategy—expressing long-range state 
objectives for technological advance. Her educational 
program, the preferential treatment of scientists, and 
the liberal funds available for research all indicate a 
massive mobilization to achieve technological strength. 


We observe too that the Russians have an extremely 
well-articulated, monolithic organization for research 
and development rapidly responsive to the plans of the 
state and impressively agile in translating ideas—some- 
times our ideas but many good ones of their own—into 
hardware; this includes nuclear weapons and the 
capacity to deliver them. Perhaps one of their 
greatest secret weapons is their swift and consistent 
follow-through from idea to practice. 

We note next that the Soviets have outdone the capi- 
talistic nations in their remarkably uninhibited use of 
capitalistic incentives to extend and better the quality 
of their education of scientists and engineers. In the 
past 50 years, as the recent Ruml study showed, the 
economic position of our top professors has deteriorated 
relatively more than that of almost any other group 
in America. In the past 25 years, in sharp contrast, 
Soviet professors have moved into the top brackets in 
salary and status in the U.S.S.R. In Russia, when a 
young man gets the equivalent of our Ph.D., he may be 
awarded a lifetime stipend, and as a teacher he may 
receive an additional stipend for every student he helps 
through to an advanced degree—a sort of academic 
piecework arrangement. His scientific papers may be 
purchased and published by the state, leading inevitably 
toa multiplication of papers and many of low quality. 
Altogether, the professional educator in science and 
engineering stands at the top of the ladder of prestige 
and reward in the U.S.S.R., and, by American stand- 
ards, he has the benisons that great wealth bestows 
in this country. 


At the insistence of the Soviet Academy of Sciences, 
the top scientists and engineers are apparently induced, 
if not required, to teach or hold administrative posts in 
the major academies, universities, and institutes of 
technology. Thus, most of the leading aeronautical 
engineers in Russia have educational responsibilities. 
General Tupolev, dean of Soviet bomber designers, is a 
full professor; Boris Yur’yev, an important figure in ap- 
plied aerodynamics, is Deputy Minister of Higher Edu- 
cation for Engineering Training. This kind of close 
coupling between practice and teaching contributes to 
an effective marriage of theory and practice, but there 
is evidence, too, that these multiple duties sometimes 
teduce the quality of teaching. 

There also seems to be good evidence that the Soviets 
have achieved impressive success in reducing the time 
lag between ideas and hardware. In drawing a com- 
parison with the decision-making structure of the 
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United States with its extensive checks, budgetary 
reviews, design changes, and Congressional debate, an 
informed American observer has estimated that 1 to 3 
years are eliminated by the Soviets in the speed with 
which they are able to move from initial design to pro- 
duction on as complex a weapon as, for example, a long- 
range bomber. 

Finally, the Soviets are driving so hard to augment 
and exploit their basic research that they are willing, 
in certain fields of critical importance, to let the scien- 
tists, rather than the budget officers, determine how 
much money will be spent and for what purpose. 
They seem to have now—at least, in a limited number 
of fields—the kind of crash programs we had in wartime. 

What I have said so far should not be interpreted 
to mean that all is rosy for the professional educator 
in the Soviet Union. I have emphasized strong points 
which contribute to Soviet scientific successes in 
security areas. It should also be remembered that the 
scientific community in those noncritical areas which 
are of secondary importance to military security have 
fared badly at times in terms of the terrible subordina- 
tion of their intellectual integrity to political dogma. 

I have directed your attention to these random 
samples of how Russia marshals her resources for tech- 
nological advance, not to claim that the Soviets are 
superior (which I do not believe) nor to imply that we 
should copy her methods or that all these are better 
than ours, but to point up the importance of avoiding 
complacency with respect to our own methods. 


In avoiding complacency, however, let us not be 
panicked into unwise competition. I hope we do not 
set as our goal an academic numbers race with the 
Russians. The Russian educational system serves 
the state, ours the individual. The Russians are highly 
specialized in their scientific and engineering education, 
and we are trending at the undergraduate level to- 
ward more fundamental, generalized education. Our 
objectives and our trends are more likely to serve our 
nation well and to give us the scientific and technologi- 
cal strength which will be indigenous and, therefore, in 
accord with our special qualities and ideals. 


We should not be isolated and parochial in our science 
and technology. We need to know what is happening 
elsewhere and to profit from this knowledge. The 
Geneva Conference of last August left no doubts of the 
value of internationally exchanging scientific ideas and 
information within the limits of prudent security. 


No one with any real understanding of our relative 
technological position as a nation can doubt the evi- 
dence that we face stiff competition and that we must 
marshal and conserve our resources wisely if we are to 
maintain the technological superiority we now have. 
Within the context of our American system, we must 
achieve a grand plan but by consensus—not by central- 
ized control—a plan which will give direction and ve- 
locity to our technological advance and maximum incen- 
tive to private initiative. I venture to suggest. ..a 
seven-point program for achieving these objectives. 


<cellence even at 
Our need is for better science, 
greater creativity, more advanced engineering, and 
superior weapons. 


(1) We must seek quality and 
the expense of quantity. 


Above all, our need is for emphasis 
.Wen ave 
become bemused by numbers and by over 


on superior scientists and engineers. 


plified 


quantitative measures and remedies in evaluating our 
doubt 
that we have an acute shortage of available, effectively 


manpower needs. There can be no reasonabl 
Nor can 
there be any reasonable doubt that this scarcity 

clear and present danger to the nation and to the entire 
free world. 


used competence in many fields of technology. 


My view does not involve challenging this 
it of 


educated and 


scarcity or its danger to the nation. It does em 
that the most acute shortage we now face is th: 
high intellectual talent 


in the right place. 


adequately 


One has only to talk with the placement officers of 
our scientific and technological institutions or with the 


research directors and chief engineers of industry to get 
revealing evidence of the special kinds of engineering 
skills now most urgently needed. These checks indi- 
cate a great shortage of young engineers with a mastery 
of mathematics and of engineering science and thus a 
competence to handle new, advancing technologies or 
the ability to enter new fields beyond the grasp of hand- 
book engineers. There is also an acute shortage of 
project engineers and men with the skills and imagt-f 
nation to direct research and development. 

(2) If these views of our manpower needs are cor- 
rect, they hold important implications for our educa- 
tional program. They emphasize the need in ou 
secondary schools for greater attention to the superior 
student. They point up the need to reduce the cur 
rent loss of exceptional talent shown by the fact that 
nearly 60 per cent of the top quarter of ability of high 
school graduates are failing to complete 4 years o 
college. 


The s 
our socie 
far, we I 
by displ 
work in 
evasion, 
our inte 
when w 
an alert 
requires 
tellectuz 

The 1 
sagging 
and col 
decimat 
from ot 
of scien 
young | 

Know 


| 
| 
| 
40 


Oo get 
ering 
indi- 
istery 
hus a 
ies oF 
ge of 


magi- 


> COr- 
duca- 
1 ouf 
perior 


f high 


urs of 


The shortage of quality calls for more emphasis in 
our society on the value of hard intellectual labor. So 
far, we have managed to get along in the United States 
by displaying an attitude of condescension toward hard 
work in our schools. There has been avoidance, if not 
evasion, of the intellectual tax which must be paid if 
our intellectual budget is to be balanced. At a time 
when we are forced to match wits on every front with 
an alert enemy of growing prowess, America’s survival 
requires that the American people reduce the anti-in- 
tellectualism in their schools. 

The need for quality calls also for shoring up the 
sagging emphasis on science in both secondary schools 
and colleges and for bold efforts to replenish the 


decimated ranks of science teachers—not with culls 


irom other fields but with teachers possessing a grasp 


ot science and the perception to identify and encourage 
young people with the bent and capacity for science. 
Knowledgeable people in both education and industry 


are concluding that engineering education is also due for 
a thorough reassesSment. Against the higher compensa- 
tion and other attractions ofered by industry and other 
noneducational orzanizations to scientists and engi- 
neers, engineering schools are now more vulnerable and 
more in danger of serious deterioration than other 
educational institutions. They are more vulnerable, 
even, than the schools of science. The university and 
the institute of technology are natural habitats for 
creative scientists. They are not, generally speaking, 
quite such natural habitats for engineers whose pro- 
fessional work lies so much in industry and in the field. 

The engineering schools are especially vulnerable 
now because their young and imaginative graduates 
and teachers—especially those in the advancing, grow- 
ing fields of technology—are more in demand for non- 
educational employment than any other group in our 


educational institutions. 


(Continued on page 83) 
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24th Aunual Meeting 


New York 
Jan. 23-26, 1956 


Summary of Technical Sessions 


T he Institute's Twenty-Fourth Annual Meeting in New York 
attracted a registration of 2,300 members and guests, outdis- 
tancing last year’s attend :nce of 1,500, which set a record at the time. 

The Grand Ballroom of the Sheraton-Astor Hotel was filled to 
capacity on the evening of January 23, when almost 1,700 attended 
the Honors Night Dinner. 
several days in advance. 
400 guests. 

More papers were presented at this year's Annual \leeting than 
ever before. There were 77 technical papers and three nontechnical 
papers, plus a panel discussion. 
on the program. 


This event, as usual, was ‘‘sold out”’ 
The three luncheons together attracted 


Several new subjects appeared 
Throughout the 4-day conference, three sessions 


were in progress simultaneously except on the last afternoon when 
there were two. 

Besides the 23 technical sessions, the program included an His- 
torical Activities Meeting, the Institute’s Annual Business Meeting, 
luncheon meetings of the IAS Council and of Section Chairmen, 
several committee meetings, and a reunion for M.I.T. alumni 

Many of the 80 papers presented at the Meeting have been or will 
be published in full in the REvIEW or the JouRNAL. Available 
preprints of the papers are listed on page 97. 

We are indebted to the various Session Chairmen for both the 
excellent manner in which they conducted their sessions and for 


providing the summaries, which follow in alphabetical order 


Aerodynamics—| 


by 
Harold T. Luskin 


Asst. Chief, Aerodynamics Section 
Santa Monica Division 
Douglas Aircraft Company, Inc 


The Aerodynamics—I session took place on the morn- 
ing of Monday, January 23, 1956, in the North Ball- 
room of the Sheraton-Astor Hotel. The room was 
well filled with a representative audience from industry, 
colleges, and Government laboratories. The papers in 
the session were of unusual interest. The first two de- 
scribed oscillations in supersonic boundary layers and 
the related transition to turbulent flow. The second 
two were on the problem of drag at transonic and super- 
sonic speeds. 

The first paper was entitled, ‘Experiments on Lami- 
nar Boundary-Layer Oscillations in Supersonic Flow,’ 
by John Laufer, Research Specialist, and Thomas Vre- 
balovich, Research Engineer, California Institute of 
Technology. It was presented by Dr. Laufer and de- 
scribed hot-wire measurements in laminar boundary 


layers in the supersonic wind tunnels of the Jet Pro 
pulsion Laboratory. The measured energy spectrum 
of the flow disturbances was shown. Dr. Laufer then 
showed that the peak energy had a frequency which cor. 
related with the boundary-layer Reynolds Number, 
He also demonstrated that this frequency was consist 
ent with the results of Lin and Lees in theoretically 
predicting boundary-layer instability. 

The next paper was entitled, ‘“‘A Study of the Trang. 
tion to Turbulence of the Laminar Boundary Layer at 
Supersonic Speeds,’ by Ronald F. Probstein, Associate 
Professor of Engineering, Brown University, and Con- 
sultant, AVCO Manufacturing Corporation, and by 
C. C. Lin, Professor of Mathematics, Massachusetts 
Institute of Technology, and Consultant, AVCO Manu. 
facturing Corporation. The paper was presented by 
Dr. Probstein, who began with a review of the factors 
affecting transition at high speeds. These factors in- 
cluded the Mach Number, the body geometry and angle 
of attack, the temperature of the body surface, the 
roughness of the surface, the disturbances existing in 
the stream, suction and injection, at the surface, and 
the physical properties of the gas. He went on to re 
view the data on transition and indicated that most 
fit into a pattern which could be used to help analyze 
other cases. Dr. Probstein ended with a suggested 
program for future study of transition phenomena. 
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Photo courtesy Cornell Aeronautical Laboratory 


Just for the record, the photographer snapped this picture of the audience at one of the technical sessions of the Twenty-Fourth Annual 
Meeting in New York. This session on Helicopter Dynamics, cosponsored by the American Helicopter Society, was held in the North Ball- 


room of the Sheraton-Astor Hotel. 


The third paper of the session was entitled, ‘‘Zero- 
Lift-Drag Characteristics of Wing-Body Combinations 
at Transonic Speeds,” by Richard T. Whitcomb, 
Aeronautical Research Scientist, Langley Aeronautical 
Laboratory, NACA. Mr. Whitcomb, winner of the 
1955 Collier Trophy for his work in this field, presented 
physical descriptions of the bases and the applications 
of the transonic area rule. He pointed out that the 
area rule states that the sonic pressure drag of a thin, 
low aspect ratio wing-body combination is like that of 
the equivalent body, the body of revolution with the 
same axial distribution of cross-sectional area. The 
concept was shown to be verified by a comparison of the 
sonic region drag rise for equivalent bodies and that 
for actual wing-body combinations as is seen in Fig. 1. 
The paper went on to consider the beneficial reduction 
in drag which results from contouring the fuselage to 


produce a smooth axial area distribution for the wing- 
body combination. Nacelles were also shown to be 
subject to study by this rule. All of these concepts 
were illustrated with experimental data like that in 
Fig. 2. In this figure is shown the drag rise for wing- 
body combinations, for the bodies alone, and for the 
wing-body combinations with the body contoured to 
make the equivalent body of the combination like the 
body alone. Favorable transonic drag changes re- 
sulted. 

The final paper, by Harvard Lomax and Max A. 
Heaslet, Aeronautical Research Scientists, Ames Aero- 
nautical Laboratory, NACA, was entitled, “Recent 
Developments in the Theory of Wing-Body Wave Drag.” 
Mr. Lomax, who presented the paper, began with a 
discussion of the calculation of the wing-body wave 
drag in terms of the oblique area distribution. He then 
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Winners of the four [AS awards for 1955 presented at the Honors 
Night Dinner are shown with 1955 President Robert E. Gross. 
From left to right: Giles J. Strickroth, winner of the Sperry Award; 
Capt. Wilbur E. Kellum, USN, Jeffries Award; Mr. Gross; Harvey 
Julian Allen, Reed Award; and Lt. Col. Robert C. Bundgaard, 
USAF, Losey Award. 


described the supersonic area rule and pointed out cer- 
tain limitations in its use. One of these limitations 
could be removed by including the force distributions, 
as well as the oblique area distributions, in the drag 
formula. The paper went on to take up wing-body 
combinations with noncircular fuselages. In addition, 
asymmetric wing locations were studied—as shown, 
for example, in Fig. 3 where the total drag of’a fuselage 
and a half-ring lifting wing is seen to be of the same 
order as the drag of lifting wings alone. The paper 
concluded with a brief discussion of some transonic 
drag problems. 


Aerodynamics—|! 
by 
H. Clauser 


Chairman, Department of Aeronautics 


The Johns Hopkins University 


Francis 


© Fabian Bachrach 


The second session on aerodynamics had as its general 
theme the behavior of nonsteady aerodynamic phenom- 
ena. The first paper was by Robert G. Loewy, Chief 
Dynamics Engineer of the Piasecki Helicopter Corpora- 
tion, and was entitled ‘‘A Two-Dimensional Approxi- 
mation to the Unsteady Aerodynamics of Rotary 
Wings.’’ The rotor of a helicopter generates a helically 
intertwined pattern of trailing vortices whose flow field 
is not easily calculated. When the helices are nearly 
flat, the mutual coupling between the vortex field and 
the rotor blade may induce various kinds of flutter. 
To investigate such cases, Mr. Loewy viewed the suc- 
cessive vortex layers at a given radius as forming a two- 
dimensional pattern. He then computed the resulting 


unsteady lift and moment characteristics. These were 
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then used in a strip theory type of analysis to sum up 
the effects at various radii in order to give the unsteady 
behavior of the complete rotor. 

The second paper, entitled “‘Transient Stresses jn 
Airfoils Under Elast Loading,’’ was given by Dr. F. J. 
Marshall of the University of Chicago who had written 
the paper in collaboration with Prof. H. F. Ludloff of 
New York University. When an airplane or a guided 
missile is struck by the blast wave from an explosion, 
it is of interest to know the elastic response of the wing 
or the tail as the wave sweeps across them. The veloc. 
ity of the blast wave may be faster or slower than the 
speed of elastic waves in the wing or tail, giving rise to 
two different types of response. The authors have ob. 
tained solutions for both cases. These solutions show 
in an interesting way how the transient deflections and 
stresses develop during the passage of the blast wave. 
This is in contrast to the usual methods of assuming 
the blast loading is instantaneously or impulsively 
applied. 

The third paper on the “Dynamic Performance of 
Aircraft’’ was presented by D. O. Dommasch, President 
of DODCO, Inc., who is also a professor at Princeton 
University. Mr. Dommasch defined dynamic _per- 
formance as the study of airplane motions in the large, 
As an example he cited the problem of determining the 
flight program which would give the minimum time to 
The author stated 
that he has carried out rather extensive machine con- 


climb from one point to another. 


putations to integrate the nonlinear equation of motion 
in such a way as to minimize or maximize quantities 
such as time, distance, or radiation exposure. 

The fourth paper was entitled ‘“‘Probe Measurement 
of Pressure Distribution on Oscillating Wings in Super- 
sonic Flow.’’ The paper was presented by Dr. E. 
Mollg-Christensen who had written it in collaboration 
with R. L. Halfman and S. D. Lewis, all of the Massa- 
chusetts Institute of Technology. 

In order to measure pressures on a rapidly oscillating 


L. B. Richardson (left) and Harry F. Guggenheim (right) con- 


gratulate Theodore von Kérm4n upon winning the Daniel Guggen- 


heim Medal for 1955. 
the Board of Award. 


Admiral Richardson was Chairman 
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airfoil and at the same time not subject the pressure 
edement to the oscillating accelerations, the authors 
have developed a probe which they traverse over the 
top of the airfoil. The probe itself is a slender, pointed 
tube, with a static pressure opening on the side com- 
municating to a small barium titanate eleinent. 

In order to avoid the drudgery of data reduction, 
the output of the probe is recorded on a magnetic tape 
and then fed into an analog computer which analyzes 
the results and gives a final plot of amplitude and phase 
angle versus time. The authors have analyzed in some 
detail the errors which are characteristic of this method 
of measurement. They have attempted, where pos- 
sible, to reduce such errors. 


Aeroelasticity 


by 
Maurice A. Biot 
Research Consultant 


Cornell Aeronautical Laboratory, Inc. 
and Shell Development Company 


After a period of about 20 years of development, 
aeroelasticity as a branch of the aeronautical sciences 
has finally come into its own. In some areas it has 
reached the state of classical knowledge, and this year 
two major textbooks on the subject have been pub- 
lished in this country. 

There are still many obscure questions left for eluci- 
dation, particularly in the area of nonlinearity. Among 
the papers presented at this session, two were concerned 
with nonlinearity. But also among the better known 
subjects, many points still remain to be covered, such 
as the influence of sweep on flutter or the effect of cer- 
tain types of structural change. 

One of these structural factors was discussed in a 
paper, ‘Effect of Rib Flexibility on the Vibration Modes 
of a Delta Wing Aircraft,’’ by Wilhelmina D. Kroll. 


Charles E. Rosendahl (left) and William Littlewood (right) 
talk things over with President Edward R. Sharp between sessions 
at the Annual Meeting. Admiral Rosendahl made a luncheon 
speech on aircraft noise, and Mr. Littlewood conducted a session 
on the same subject. 


Theodore von Karman, Chairman of NATO's Advisory Group for 
Aeronautical Research and Development, speaks at one of the 
luncheons held during the Twenty-Fourth Annual Meeting in New 
York. His subject was ‘Freedom in Organized Research.” 


This was a systematic study to determine whether de- 
creasing the number of ribs or making the ribs more 
flexible would have any appreciable effect on the vibra- 
tion modes and frequencies of a delta wing aircraft. 
The modes and frequencies were computed for the 
basic wing and for the following modifications of the 
basic wing: (1) one rib outboard of the fuselage re- 
moved, (2) two ribs removed, (3) stiffness of ribs out- 
board of fuselage reduced one-half, and (4) rib stiffness 
reduced nine-tenths. The results indicated that the 
frequencies and mode shapes of the modified wings 
differed little from those of the basic wing and, there- 
fore, that these changes would not appreciably affect 
the vibration characteristics of the delta wing. 

A paper entitled ‘‘Pistol Theory—A New Tool for 
the Aeroelastician’’ was presented by H. Ashley and G. 
Zartarian. Representative applications were described 
which illustrate the extent to which simplifications in 
the solutions of high-speed, unsteady aeroelastic prob- 
lems can be achieved through the use of certain aero- 
dynamic techniques known collectively as ‘‘piston 
theory.’’ Based on a physical model originally pro- 
posed by Hayes and Lighthill, piston theory for air- 
foils and finite wings has been systematically developed 
by Landahl, utilizing expansions in powers of the thick- 
ness ratio 6 and the inverse of the flight Mach Number 
M. When contributions of orders 6//* and 6?/M? are 
negligible, the theory predicts a point-function relation- 
ship between the local pressure on the surface of a wing 
and the normal component of fluid velocity produced 
by the wing’s motion. The computation of generalized 
forces in aeroelastic equations, such as the flutter de- 
terminant, is then always reduced to elementary inte- 
grations of the assumed modes of motion. Essentially 
closed-form solutions were given for the bending-torsion 
and control-surface flutter properties of typical-section 
airfoils at high Mach Numbers. Wing-thickness and 
profile-shape effects were also discussed. 

Other applications to unsteady supersonic problems 
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were reviewed, including gust response and rapid ma- 
neuvers of elastic aircraft. 

In connection with the applications to panel flutter, 
attention of the chairman was called to some funda- 
mental work done during the war on V-2 panel flutter. 
This work is given a short account in the December, 
1955, issue of Zeitschrift fuer Luftwissenschaften, by P. 
F. Jordan, and in a Glenn L. Martin report ER 7914. 

The effect of nonlinear structural terms on the flutter 
of a wing and of a system including a control surface 
was the object of the paper, “‘On Investigation of Effects 
of Certain Types of Structural Nonlinearities on Wing 
Control Surface Flutter,’’ by D. S. Woolston, H. L. 
Runyan, and R. A. Andrews. Several types of non- 
linearity in the stiffness were investigated, including 
free play, a hysteresis loop, and cubic variations. These 
were introduced in the torsional degrees of freedom of 
the wing and in the aileron stiffness in the three degree 
of freedom system. Calculations involving incompres- 
sible air forces have been made on an analog computer. 
A wind-tunnel investigation of one case having free 
play in the torsional degree of freedom has been made, 
and good correlation between theory and experiment 
is shown. The results indicate that the stability of a 
nonlinear system is highly dependent on the magnitude 
of initial displacements of the system from equilibrium. 
It is shown that in many cases the flutter speed is de- 
creased by increasing the initial disturbance. The re- 
sults also indicate that, when a nonlinear system be- 
comes unstable, its flutter may become self limited. 

The influence of sweep on flutter was reviewed and 
discussed in a paper, ‘‘On the Flutter of Swept Wings,”’ 
by P. F. Jordan. On the basis of comparative calcula- 
tions, the paper discussed the relative merits of a num- 
ber of methods of calculating the flutter speed of swept 
wings: the axis-normal approach developed in NACA 
Report 1014, the stream-parallel approach developed 
by the author in Germany and in England, and the 
effects on flutter speed of the rib direction and of using 
camber coefficients. The basis for the comparison is a 
new three-dimensional aerodynamic method. The 
paper also reported a tabulation of calculated flutter 
speeds for the wing with fixed root conditions and vari- 
ous parameter combinations including sweep angle, 
aspect ratio, Mach Number, axis positions, and mass 
ratio. Further, it discussed the effect of swept root 
conditions and of body freedoms and made comparisons 
with available experimental results. 
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The session on aeronautical engineering education 
had as its theme ‘‘Facts and Figures on Engineers’ Prog- 


NEERING REVIEW—APRIL, 


1956 
ress.’’ The first paper was presented by Dr. Allen 0. 
Gamble, Head of the National Register of Scientific 
and Technical Personnel of the National Science Foun. 
dation and formerly Examinations and Standards 
Officer of the NACA in Washington. His topic was 
‘Engineers’ Progress in Research, and Why,”’ and he 
began with a definition of research: ‘‘any systematic 
and persistent search, even though unsuccessful, for 
the purpose of making a discovery, theory, or invention, 
or of establishing or perfecting its validity or usefulness,” 
This definition includes the accepted forms of research 
and excludes library search for existing facts, product 
testing toward acceptance or rejection, and other 
borderline areas. 

Regarding the term ‘progress’ —at one extreme it 
may be represented by complete failure, firing of the 
individual. It may range through transfer from re. 
search work, stagnation or slow promotion, faster pro- 
motion, notable achievements, and finally shining suc- 
cess. Five factors are found to bear on success in re- 
search: (1) generalization versus specialization, (2) 
fundamentals versusapplication, (3) research procedures, 
(4) working with others, and (5) vocational guidance 
and selection. 

Success or failure in research is not strongly affected 
by college specialization. Successful individuals come 
from all fields of engineering specialization. The im- 
portant aspects of college study seem to be primarily 
in the common elements among engineering and science 
curricula. College specialization must lag behind in- 
dustry and research for a number of reasons. One of 
the commonest causes of failure in research work among 
young engineers is lack of mastery of fundamentals, 
Colleges could increase the emphasis on such things as 
physics, mechanics, thermodynamics, and other funda- 
mentals that are least susceptible to change. 

Training in research procedures will promote success. 
Six steps are suggested, leading to reporting of results: 
(1) recognition of a problem, (2) organization of existing 
data, (5) exploration of a solution and possible proposal 
of a hypothesis, (4) externalization of the hypothesis, 
(5) testing the tentative solution, and (6) evaluation. 
Colleges could help by encouraging understanding of 
such procedures and development of creativity. Work- 
ing well with others is also important, and inability to 
do so has led to some research workers’ failure at NACA. 

A major reason for success or failure in research is 
the complex set of abilities, aptitudes, and personal 
characteristics of the individual as a unique person. 
Guidance is difficult along these lines because of lack of 
reliable measurement techniques. Some factors are 
an inquiring mind, fertility of ideas, originality of think- 
ing, intelligences of several kinds, interest and enthusi- 
asm, tenacity, critical attitude, and intellectual honesty. 
Not too much emphasis should be placed on classroom 
grades. Possible candidates for research should be 
noted and encouraged while engaged in academic pur- 
suits. 

In his paper entitled ‘‘Engineers’ Progress in Industry 
and Why,’ C. C. LaVene, Engineering Employment 
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Manager of Douglas Aircraft Company, expressed the 
hopes of industry for young engineers with the ability 
and the will to be successful. One with necessary in- 
telligence and aptitude can be trained for success, and 
the training should begin before the engineer enters 
industry. The employer should be able to help the 
educator in this matter, as progress or the lack of it is 
judged by the employer. 

Progress potential is defined as that quality which 
causes a man subjected to a favorable environment to 
progress inexorably. An engineer so equipped works 
hard and effectively, assumes responsibility eagerly, 
adjusts easily to people and situations, and has an 
attitude of professional pride in the knowledge, sup- 
ported by tangible evidence, that he is contributing to 
the organization in which he is working. The environ- 
ment in industry is generally extremely favorable. 
Failure to progress may not be attributed to a single 
answer, but there are certain fairly consistent patterns 
in the failures. 

There are three more or less distinct stages of career 
development facing the young engineer. The first 
stage involves a year or so in which the new employee 
seldom actually earns the dollar value of his salary. 
He learns company operation and demonstrates his 
work habits, his ability to take direction, and his care 
and reliability in performance of work. For many, 
new habits must be formed. The second stage follows 
this ‘training period,’’ and the company will push the 
engineer into more independent work. He must ferret 
out information for himself. He should be able to work 
without too much supervision and must be able to pre- 
sent his findings clearly in verbal, written, or pictorial 
form. This ability of presentation is an area of great 
neglect. If men do not accept responsibility, they do 
not progress and are in effect high-priced computers 
which the company cannot afford. Men successful in 
this second stage of development may qualify as senior 
engineers or lead-people. 

The third stage requires that the engineer develop 
necessary skills to manage and direct the efforts of 
others. This is the level which industry would like 
larger numbers of engineers to attain and appears to be 
particularly difficult for many technically trained men. 
Engineers who fail to progress through these three 
periods of career development are hampered because 
they lack understanding of human relations. Rarely 
are engineers from reputable schools inadequate in 
technical training, but chances of success are rather 
small unless such training can be correlated with non- 
technical abilities, with a balance of imagination and 
judgment. If an engineer has aptitude for engineering; 
broad fundamental technical training; ability to do 
things in the most expeditious manner; initiative, re- 
quiring no prodding; an objective view of ideas and 
work; and a keen appreciation of the value of teamwork, 
he should progress through the three stages. 

Recommendations for the educator include reviewing 
and altering standards as needs change, practical appli- 
cation of fundamentals in an atmosphere as nearly in- 


dustrial as possible, integration of courses for maximum 
benefit, greater emphasis on self-expression, emphasis 
on purposeful extracurricular activities, and develop- 
ment of imagination of students. In support of his 
paper, Mr. LaVene presented some actual cases of poor 
progress from engineering personnel records, with 
supervisors’ comments. 

“Educating Engineers for Progress’ was the topic 
of a paper by Prof. Dwight F. Gunder, Head, Depart- 
ment of Engineering Mechanics and Materials at Cor- 
nell University. His opening remarks reflected that 
progress should be the aim of the education of engineers. 
He suggested need for improvement of the teacher, the 
subject matter, the presentation, the prospective stu- 
dent, the literature, and the ‘“‘consumer.”’ 

In improving the teacher, stagnation prevention is 
suggested as the greatest single problem. This may be 
avoided through consulting, summer employment, and 
university research, but the teacher should also con- 
stantly continue his own education by increasing his 
facility with fundamental mathematics and sciences 
and with new developments. Too often he actually 
slips backward until—for example—he actually knows 
less calculus than his students, a fact which becomes 
evident in his teaching and in his textbooks. Subject 
matter should be improved—not necessarily increased. 
Courses should be reviewed to see what parts may be 
dropped to make way for a more thorough understand- 
ing of basic principles and their applications. 

The presentation of subject matter is probably the 
area offering the greatest possible improvement. It 
is suggested that the beginning engineering student 
might be introduced at once into engineering courses 
where he can be taught basic mathematics, physics, 
and chemistry which he needs as he needs them and 
where he sees their application. Formal courses in these 
subjects could be taken later in the undergraduate pro- 
gram when he is in a position to understand, appreciate, 
and profit by such instruction. Such an approach has 
been tried experimentally, and students were found to 
assimilate advanced concepts with apparent ease at 
freshman levels. For example, calculus can be learned 
through application to problems and experiments with- 
out the student being frightened by the name or the 
mathematical approach. This idea has great possibili- 
ties but requires a liberal understanding view by college 
administration. 

The current prospective student is probably better 
prepared in an overall sense than one of 30 years ago, 
popular opinion notwithstanding. It is suggested that 
the colleges and universities make little effort to adjust 
their programs to any real or fancied change in the 
preparation of entering students. 

The improvement of literature might be accomplished 
through reduction of the volume of engineering matter 
published. This, in turn, might be accomplished by 
the condensation of those papers which might be called 
routine solutions of more or less standard problems and 
the expansion of the current form of presentation of 

(Continued on page 88) 
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The Economics of Large Aircraft__ 


A discussion of the feasibility of carrying fighter planes, 
missiles, and bulk cargoes by air rather than by sea. 


Grover Loening* 


tw ADVENT of turbojet engines for aircraft has ma- 

terially changed all concepts of the future possi- 
bilities of water-based aircraft or seaplanes as we had 
known them. 

The basic parameters of old seaplane design, par- 
ticularly of the flying boat category, have always been 
adversely affected by propellers and requirements for 
clearance from spray. A whirling propeller at 1,800 
r.p.m. or more, with the tip speed approaching the 
speed of sound, is hardly a practical item to put into 
contact with water. As a result, flying boat design in- 
evitably became clumsy, high off the water, awkward, 


Presented at the IAS Philadelphia Section meeting, Jan. 4, 
1956. 
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The 20-jet-engine, million-lb. cargo air monster, 


and wit! 
land plat 
Since 
usage—1 
seen wat 
ture. 
we shou 
(particul 
yndevelo 
(3) genet 
the earlic 
would al 
All of 
process 
tanium 
corrosion 
reduced 
docking 
gree. N 
the use ¢ 
high 
for rougl 
added fe: 
and that 
and take 
signs, pr 
speeds fr 
fact, the 
circulatic 
duced te 
speeds, v 
due to w 
structure 
It is cl 
right no 
cheaper 
of the to 
forget th 
tween 6 
that it is 
craft as" 
ments w 
use what 
forced 1: 
serve its 
source 01 
at the st 
off, the d 
water-ba 
required 
land-bas 
Since 
passé—i1 
new area 
small bu 
from airy 
a private 
Tepresen 
DC-7’s ; 
NOW SO 


— 
‘J 
a~: 
48 


nster, 


and with higher parasite resistance than equivalent 
jand planes with folding landing gears. 

Since slow aircraft—for almost no matter what 
usage—never survive to any general usage, we have 
seen water-based aircraft go out of the commercial pic- 
ture. There were, of course, additional reasons, which 
we should note here: (1) more costly maintenance 
(particularly because of corrosion), (2) expensive and 
undeveloped means of handling at suitable docks, and 
(3) generally heavier construction required, because in 
the earlier days we had not devised design features that 
would allow operation in rough water. 

All of these adverse features have been, or are in the 
process of being, overcome. New metals (notably ti- 
tanium and alclad), new finishes that resist salt water 
corrosion, and new and easier accessibilities have greatly 
reduced maintenance. New means of handling and 
docking flying boats have been developed to a high de- 
gree. New hull designs of high length-beam ratio and 
the use of sprung skis to take initial water impacts at 
high speeds have all reduced the weight of hull necessary 
for rough sea take-off and landing. We have one more 
added feature now being developed for this department, 
and that is a vast improvement of high lift for landing 
and take-off, almost in the vertical category, by new de- 
signs, producing artificial airflow over the wing at slow 
speeds from the energy of turbojet power plants. In 
fact, the advent of the ‘‘jet flow wing,” with a forced 
circulation in the slow speed regime to give greatly re- 
duced take-off distances and greatly reduced landing 
speeds, will still further reduce the stresses on the hulls 
due to waves and thus lead to a quite lightweight hull 
structure. 

It is clearly in the books therefore that shortly, if not 
tight now, water-based aircraft will be lighter and 
cheaper than land-based aircraft, in particular because 
of the total elimination of the landing gear. Let us not 
forget that the landing gear is an item of somewhere be- 
tween 6 and 12 per cent of the weight of an aircraft, 
that it is carried around all through the life of an air- 
craft as a dead weight and merely used for a few mo- 
ments when landing and taking off, and that it is of no 
use whatever to the over-ocean aircraft when making a 
forced landing—whereas the hull is always there to 
serve its purpose. When “bleeding” from a jet-engine 
source on a seaplane is used to break the water suction 
at the step and at other places on the hull during take- 
off, the distance of take-off and the power required on a 
water-based aircraft is considerably less than would be 
required to overcome the rolling friction of wheels on a 
land-based aircraft. 

Since water-based aircraft therefore are far from 
passé—in fact, quite the contrary—we can approach a 
new area in appraising their possibilities. In extremely 
small business and personal plane sizes, independence 
from airports is gained because any water area or lake is 
a private airport. In medium transport sizes, such as 
Tepresented by the range from Convairs to Douglas 
DC-7’s and Constellations, the terminal facilities are 
now so well organized that there would be no particular 
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merit to water-based operation, except in those cities 
where docks for water-based aircraft would be more con- 
venient than distant outlying airports. 

But note that the size of aircraft is ever increasing; 
also note that the number, expense, and complex de- 
signs of ramps and loading equipment are beginning to 
become as expensive items of operation as a dock for a 
vessel. (In fact, a new era is now opening for actual air 
docks. ) 

So we seem to be approaching an era where we can 
give a really good look at size in aircraft, the economics 
of size, and what types really big aircraft are likely to 
become. In a short 20 years, the bombers, which have 
had the greatest development in the aircraft business, 
have increased in size from an original 40,000 to 400,000 
Ibs., almost ten times as big. Thirty years ago, a 20,000- 
Ib. aircraft was a big one. Let us face up to the facts. 
Statistics show that we are going to go into aircraft 
reaching in size to millions of pounds within the next 20 
years. An important mark of progress to keep in mind, 
also, is that the larger aircraft are also the faster air- 
craft. The Douglas DC-8 and the Boeing 707 are al- 
ready almost three times as heavy as their predecessor 
Constellations and DC-6’s and, incidentally, are twice as 
fast. 

We need not burden this study of the possibilities of 
larger aircraft by too many detailed figures on how 
ever-larger aircraft will constantly be more efficient 
and give transportation at a cheaper rate. When the 
weight of the aircraft is doubled, the size of the pilot is 
not doubled, nor are the size and weight of the seat he 
occupies nor the weights of the instruments. Since 
doubling the weight presumably doubles the load, 
the law of the cube enters into the volume involved, so 
that doubling the volume does not require doubling of 
all dimensions, with a doubling of parasite resistance. 
Therefore, the relative efficiency of really large aircraft 
benefits from size all around, because we get greater 
efficiency from the higher Reynolds Number on the 
wing, a lower parasite drag per pound of load carried, 
a relatively lighter weight of all that has to do with 
crew, instrumentation, and installations, and so on. 

If therefore we are to become interested in a 3-million- 
Ib. aircraft carrying 1 million lbs. of cargo, let us realize 
that, at least at the present time, the simplest way to 
achieve this would be by a water-based design. This 
would be particularly appropriate since such a large air- 
craft would probably be used in carrying cargo loads 
over the oceans. Instead of charting tables and graphs 
that will change with changes in engines, fuel consump- 
tions, etc., let us get a picture of this problem by looking 
at two versions of a large flying boat—one, for the mili- 
tary, a flying aircraft carrier, discussion of which must 
be surrounded with considerable security restrictions; 
the other, which we feel much freer to expand on, a 
cargo carrier of sufficient size to equal the cargo trans- 
ported in a year by a C-2 ship freighter. When we have 
arrived at the general layout of this size, we can study 
what we are up against in relative cost and can study 
what happens when new things are developed, like 


50 AERONAUTICAL ENGINEERING REVIEW—APRIL 1956 


nuclear energy power plants. First, then, let us look at 
the flying aircraft carrier. 


FLYING AIRCRAFT CARRIER 


Supersonic fighter or bombing planes are at a great 
disadvantage if based on airports. There is a lower limit 
to their landing speed. The landing gear is a clumsy, 
heavy, useless item except for the landing operation and 
is becoming increasingly difficult to stow in the thinner 
wings and in crowded bodies of the smaller fast aircraft. 
As the speed of fighting aircraft increases into the Mach 
2 region, the amount of power—and therefore the 
amount of fuel required—increases enormously, so that 
supersonic fighting planes must either be refueled for 
any extended range or must return to a base after a 
sortie. Long delayed efforts have finally been made to 
develop “‘parasite’’ aircraft such as the F-84 fighters 
that are carried slung under the B-36 bombers. This 
preliminary operation has been found to be a great 
deal easier than was expected. The supersonic planes 
of the X-1 and X-3 class have, of course, been launched 
in flight from the B-29’s as a matter of necessity be- 
cause of their short fuel range. When we add all 
these considerations together, we find that a flying air- 
craft carrier that could cruise at 40,000 ft. at 400-500 
m.p.h. and would be large enough to accommodate a 
large number of supersonic fighting, attack, and bomb- 
ing planes not only is a desirable design to study but 
is so feasible (based on the ordinary nonsecret tech- 
nique of the day) that we had better get busy working 
on it, as a potential enemy could easily be doing the 
same thing. 

For a first-hand preliminary look at what is possible 
along these lines, there is submitted herewith an or- 
dinary hull, on classic lines—a monoplane design of 
conventional type but of a size suitable for housing 
twenty 12,000-Ib. fighting aircraft. A suggested general 
layout of this design is shown in Fig. | and is, of course, 
subject to a great deal of change as the study progresses. 

The total weight of this flying aircraft carrier is 
2,200,000 Ibs. For high performance a thrust of one- 
fifth of this weight is desired—namely, 440,000 Ibs. 
By the time a development of this character has been 
under way, ordinary jet engines of 22,000-lb. thrust 
would be available. Twenty such engines, therefore, 
are required—ten for each wing. 

Placed across the wing in this manner and with the 
wing so large that they can be well housed (minimum 
drag configuration), it becomes relatively easy to intro- 
duce the two desirable kinds of circulation control for 
efficiency. The first is a suction over the leading edge 
to reduce drag by extending the laminar flow area, and 
the second is a forced circulation over the wing flaps to 
reduce greatly the landing speed and take-off time. 
At a load of 110 lbs. per sq.ft., the wing area is 20,000 
sq.ft. This loading is not considered too high for this 
large Reynolds Number and with boundary-layer con- 
trol for added lift. 

Since the top deck of this design is almost 300 ft. 
long, a fine platform for approaching and contact land- 


ing, and take-off, at 400-500 m.p.h. is offered—with 
the approach to the stern cleared by the twin rudder 
arrangement shown with a span of 80 ft. between the 
two rudders. The simplest type of tapered wing js 
suggested—a total span of 360 ft.—chord at the base, 
80 ft.; chord at the tip, 40 ft.; with the trailing edge 
straight and the leading edge raked. 

The tail is a normal configuration of stabilizer and 
elevator, with a span of 80 ft., carrying fins and rudder 
at the tips projecting below the stabilizer to act as effec- 
tive fences for the airflow. This configuration enables 
the landing aircraft to have ample room to fly closely 
above and onto the deck for its contact landing. , 

Side floats are incorporated in the design, the mount- 
ing pylons of which could be used for armanent housing, 

Excellent seaworthiness is provided as this carrier 
can land easily in ordinary open sea for refueling and re- 
supply from surface vessels or submarines. 

The handling of the fighting aircraft is subject toa 
great deal of design. A preliminary thought is to have 
an inclined trap door (with hooded cover separately 
hinged), as indicated in Fig. 1. This would be closed 
except to take aboard landing aircraft or to raise one to 
the deck for release. At the high speed of the carrier 
and with the ease with which the approaching aircraft 
can maneuver to the same speed for merely touching 
down, landing should prove easy, and take-offs would 
be almost instantaneous without any catapult. The 
fighter need have no landing gear, merely skids with 
engaging hooks, a track, or magnetic pads for a magne- 
tized track to hold, move, and release the plane as de- 
sired. However, there are important difficulties to be 
met. For one thing, no crew can be used to handle the 
planes on the deck because of the high speed of airflow 
and turbulences, and, because of this speed, the landing 
or take-off aircraft must be held firmly until release is 
desired. In addition, no large amount of landing 
wires, fiddle bridges, or landing traps can be tolerated 
at so high a speed. Instead of a ramp, an airlock for- 
ward could be used for release, somewhat like a torpedo 
chamber. No doubt other ways would be found for 
handling the aircraft, but there must always be borne 
in mind the airflow turbulence, at 400-500 m.p.h. 
Operating a track or a ramp would probably require the 
equivalent of airtight locks as on a submarine, particu- 
larly as this operation is done at pressure requiring alti- 
tudes. For any maintenance work on the aircraft, the 
crew can don pressure suits, or the carrier can tem- 
porarily descend to a lower altitude, as pressurizing the 
entire hull is out of the question. 

A preliminary study of the weights involved works 
out as shown in Table 1, page 52. 

With coming improvement in chemical fuel consump- 
tion, reduction in drag due to improved ‘‘area rule” 
body configurations, and boundary-layer drag reduc- 
tions, it is estimated that this aircraft could cruise 
slowly but at altitude, for 10 hours, using only 80,000 
Ibs. of fuel an hour with present types of engines. The 
multiplicity of jet engines helps here because, in slow- 
cruising regime, several engines can be shut down. 
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THE ECONOMICS OF LARGE AIRCRAFT 


Aull tength - Joo 


“+10 


Shratd 


Wing 
360° 


Fic 


‘iG. 1. 
Preliminary study of Flying Aircraft Carrier. 
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TABLE 1 


A military-equipped jet seaplane of this character will weigh 
about 40 lbs. per sq.ft. of wing area empty. 

The weight empty, including engines and 
installations 

Twenty 12,000 Ibs. fully loaded supersonic rocket 
aircraft, including fuel, pilot, and bombs 

Extra crew and their rations, 100 men at 500 Ibs. 
each 50,000 

Extra armament stores 


800,000 Ibs. 


240 ,000 


50,000 


Spare parts and extra equipment 100 ,000 
Extra rocket fuel for five missions each, for 
20 aircraft (1,600 lbs. per mission) 160,000 
Fuel for the carrier 800,000 
Total 2,200 ,000 Ibs. 


We have then an aircraft carrier with a lethal comple- 
ment of fighting aircraft of the highest supersonic 
type which can stay aloft as a base for 10 hours, can 
fly all over the world—covering thousands of miles at 
high altitude—and can deliver supersonic aircraft into 
the air with the utmost range near a target under the 
most excellent conditions. Most importantly, we have 
a base for such aircraft to come back to, to be refueled 
and rearmed. In addition, operating at this high alti- 
tude, such a flying aircraft carrier has peculiarly fine 
qualities as a radar base for either detection, intercep- 
tion, or guidance. Actually, such a carrier need not 
launch manned aircraft. It could be used as a base fly- 
ing at high altitude to launch guided missiles, thus re- 
ducing the missile’s burden of a first-stage, ground-to- 
altitude booster. 

Current cost of aircraft in extremely small produc- 
tion runs somewhere from $20 to $50 per Ib. At the 
higher figure, the cost of this aircraft would be $110,- 
000,000. A Forrestal-type carrier costs over $160,000,- 
000. 

The entire picture of a flying aircraft carrier of this 
class would change to one of the greatest importance 
when nuclear engines become a reality. Operation 
as a base at 40,000 ft. could be done for a week at a time! 
And this base—moving at 400-500 m.p.h., with always 
the best radar reception—would be far less vulnerable to 
missile destruction than the fixed land base (the real 
“sitting duck” of the missile age) or the submarine- 
menaced, slow aircraft carrier ship on the sea. 


AIR FREIGHTER 


A giant cargo carrier offers itself now as an interesting 
field of speculative study. 

A seaplane flying boat design with a total gross 
weight of 3 million Ibs. is not too far off the beam for an 
analysis at present. A landplane of this size would 
indeed be quite a headache, both as to landing gear and 
the airports to accommodate it. 

Going this far up the scale in design size offers the 
interesting opportunity to study what such a craft could 
do in comparison to, say, the existing efficient C-2 
freighter vessel, which has succeeded the Liberty and 


Victory ships in carrying the maritime cargoes of the 
world. 


Let us take a look at the C-2. Itisa freight-carrying 
vessel, about 500 ft. long, and has some 18,000 tons total 
displacement. It will carry a cargo of 9,300 tons to 
Europe and with that a fuel load of some 1,900 tons, 
Its cubic capacity is 540,000 cu.ft. for general cargo, 
which gives an allowable density of 34 Ibs. per cutft, 
(quite high for aircraft standards). On aircraft cargo, 
densities of 5-10 Ibs. per cu.ft. are generally accommo. 
dated. In other words, in order to use its full tonnage 
capacity in cargo,the C-2 vessel must be tightly packed 
with bulk cargo, consisting largely of commodities: 
when it comes to less dense cargo like crated auto- 
mobiles, furniture, perishables, or fabricated items in 
crates, the full tonnage cannot find enough room. So, 
for purposes of comparison, we will average out a 
9,000-ton cargo capacity per trip to the shores of 
Europe for this vessel. 

The C-2 will cruise at about 15 m.p.h., and, if we 
take an average 3,600-mile trip from our Eastern 
seaboard to British, French, Spanish, or African ports, 
we find that a vessel of this character will do a round 
trip in about 28 days—including loading time—and will, 
with a little time out for storm delays and shipyard 
maintenance, average about eleven round trips a year. 
This means that the C-2 freighter will carry 100,000 
tons to Europe and 100,000 tons back in a year’s 
operation. In order to do this, a crew of some 40-50 
men are required, so that the freighter, in addition to 
its load, has to carry lockers, bathrooms, food, recrea- 
tion halls, and libraries, to say nothing of the bunks 
and the bed linen. While this crew could do a little 
maintenance work when under way, such as some 
painting, the facts are that the long number of days 
that they are engaged in escorting this cargo to Europe 
is a considerable economic drain on the profits which, 
as will be presently pointed out, a fast aircraft elimi- 
nates almost entirely. On such a trip, the C-2 vessel 
would consume about nine-tenths of a barrel of fuel per 
mile, which would work out to about 38 gal. of fuel per 
mile or 137,000 gal. of fuel per trip, or about 3 million 
gal. of fuel per year. 

It is important to compare a year’s operation in this 
study because the whole essence of the story is that the 
vastly greater number of round trips made by aircraft 
(even though the tonnage per trip is so much smaller) 
comes out to a formidable figure in a year’s operation. 
Some 10 or 12 years ago, this was demonstrated conclu- 
sively in the vast Military Air Transport operation over 
the Hump from India to China, supplying far more in 
less time than hundreds of trucks, slowly plodding on 
the mountain roads, could possibly achieve. 

As a matter of fact, this writer is proud of the fact 
that over 15 years ago he was able to predict and fore- 
cast an enormous future for air-cargo carrying at a 
time when almost everyone else, including air-line execu- 
tives and some Government officials, had dismissed 
the possibilities as impractical. In fact, it is incredible 
to look back and realize that in 1941 the War Depart- 
ment deliberately cut down on the production of C-54s 
and Constellations on the theory that such aircraft had 
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no military value in time of war. War Production 
Board initiative, overriding the military decisions, and 
persistent pressure of a few far-seeing officers like Gen. 
Hugh Knerr, the late Adm. John H. Towers, Capt. 
Clarence Schildhauer, and several others, did much to 
modify the still-prevalent doctrine (now rapidly be- 
coming out-of-date) that the object of air war was 
bombing—important as this was for “last year’s’ war. 
With the advent of the unmanned-air-vehicle-missile 
age, the importance of air transport in all sizes and in 
all military operations—air ground, or naval 
coming increasingly vital. 

Let us see what we might be able to look forward to 
in the top bracket of size and whether or not the eco- 
nomics of such a development are as hopeless as would 
appear at first glance. 

The power plant for a 3,000,000-Ib. cargo aircraft of 
the future in a seaplane version boils down to a turbojet 
or nuclear energy jet-driven type. Both the reciprocat- 
ing engine and the turboprop fail to give us the two 
features so needed in this water-based design—the elim- 
ination of the propeller and the provision of jet- 
induced airflow over the wing and the body. Existing 
jet engines at the present time are passing experimen- 
tally from 15,000 Ibs. thrust already obtained into the 
20,000-Ib. category, and it is not unreasonable to as- 
sume that in less than a decade, or even sooner than 
that, we will have efficient jet engines in production 
with 22,500 Ibs. thrust. 

Also, in the coming several years, drag will be still 
further reduced by the various airflow featurés now 
being developed, including extension of laminar flow 
over the wings, application of area rules at wing-body 
intersections, etc. This will reduce the power needed 
for cruising flight, and the wing flow and body flow fea- 
tures already discussed will reduce the power re- 
quired for take-off. Whereas today, in order to obtain 
a speed of 600 m.p.h. at 40,000 ft., a thrust of at least 
one-fifth of the weight is needed, it would be reasonably 
safe to foresee that this will surely be reduced to about 
one-seventh of the gross weight for the same speed by 
the improvements that are now under way. It then 
follows, that, if we have 20 jet engines of 22,500 lbs. 
thrust each, we will get an allowable gross weight for the 
aircraft of 3,150,000 Ibs., which is the figure we can use 
in this study. 

A flying boat of this size, giving due credit for the 
higher Reynolds Number and the induced high lift 
wing flow would permit of an efficient wing loading of 
about 130 Ibs. per sq.ft. (this has already been reached 
on some jet planes). The wing area, therefore, would 
be 24,000 sq.ft., which in the study shown results in a 
span of 430 ft. and a chord of wing with sweptback 
leading edge of 80 ft. at the base and 40 ft. at the tip. 

On a 12 to 1 length-beam ratio, the 30-ft. beam hull 
would have a wetted length of 360 ft. The weights and 
dimensions of this suggested design, as can be seen from 
Fig. 2, are so close to the water level that relatively 
small retractable wing floats can be used, further reduc- 
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The size of the hull would allow of a four-deck ver. 
sion, as indicated in Fig. 2, with a total interior capa. 
ity for cargo of well over 100,000 cu.ft., which would 
give a density of 10 Ibs. to the cubic foot when a million 
pounds of cargo are carried—an extremely favorable 
density compared to that of the C-2 ship, which is only 
one-third as roomy. 

The fuel requirement is, of course, subject to great 
variation, depending on developments likely to come. 
At the present time, the best fuel consumption of a jet 
engine is about 0.8 Ibs. of fuel per pound of thrust de. 
livered. This is likely to be improved in the near future, 
at least down to 0.7 Ibs. It must be remembered that 
the gas consumption of reciprocating engines used to be 
one-tenth of a gallon per horsepower hour, which 
amounted to about 0.6 Ib. per horsepower hour, and 
yet today this has been reduced to almost half this 
figure. We can frankly admit that if a thrust-weight 
ratio of one-fifth, as of today, were not to be improved 
upon and a fuel consumption of 1 Ib. of fuel per pound 
of thrust was the best we could hope to do, the fuel 
requirement of the nonstop flight on a plane of this 
size would use up almost all of the allowable weight, 
Our hope, then, would have to be placed in immediate 
new developments, such as the ducted fan engine, with 
which the fuel consumption would very likely go to 
half that of the pure jet engines per pound of thrust, 
or in the advent of nuclear power plants. Eut history 
shows that these figures are constantly being improved 
upon. The thrust-weight ratio of one-seventh is on 
the design boards, now, and a jet-engine fuel consump- 
tion of 0.7 lb. per pound of thrust is easily in sight. 
Using these figures, we arrive at the fuel requirements 
for 600-m.p.h. cruising with 10 per cent reserve for a 
distance of 3,600 miles, and cruising at 60 per cent total 
power. This gives a total of 1,250,000 Ibs. of fuel ora 
total fuel capacity needed of some 200,000 gal. This in 
turn will require some 25,000 cu.ft. of gas volume 
which can readily be placed in this design near the 
center of gravity in an extremely practical and light- 
weight manner. 

As for the weight of the aircraft itself, it must be 
remembered that this aircraft cargo carrier design is 
the lightest possible type because of the complete lack 
of military installations and complicated and heavy 
retractable landing gears and duplications needed in 
military work—and also the lack of pressurization in 
the hull, except for the crew unit indicated at the bow. 
Taking as a guide the weights of large-size aircraft that 
have already been built, it becomes reasonable to pre- 
dict that this jet seaplane will weigh about 35 Ibs. per 
sq.ft. of wing area. The weights, therefore, work out as 
follows: 


Weight of aircraft 
Weight of fuel 
Crew and extras 
Weight of cargo 


840,000 Ibs. 
1,250,000 
60 ,000 
1,000 ,000 


Total Weight 3,150,000 Ibs. 


Now let us see what such an aircraft could do. It 
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can fly to a European port with a 500-ton load in a little 
over 6 hours. Allowing 6 hours for loading and unload- 
ing, at each end, it can make a round tripin 1 day. Of 
the 365 days in a year, let us assume that as many as 
6) days are used up in extra maintenance, overhaul 
difficulties, and weather delays. This would leave 300 
working days or in other words, would allow this craft 
to make 300 round trips in a year—which would give a 
total volume of loaded cargo of 150,000 tons a year, 
each way, which is 50 per cent more than is carried by 
the C-2 freight ship. This startling result is really food 
for thought, and we should, of course, look into the cost 
involved. 

To begin with, an aircraft operation of this kind,with 
a short 6-hour flight, means that a crew of only five 
men is needed—pilot, copilot, navigator, radioman, and 
engineer. 

These men do not need elaborate facilities of cabins, 
food, etc. All they actually need is a box lunch and 
toilet facilities. The actual figures on the economics of 
this operation are difficult to estimate because we do 
not know clearly the enormous savings that would re- 
sult (as have already been indicated in air-cargo opera- 
tions) in insurance, in crating, in eliminating the need 
for preserving perishables, and in various other ex- 
penses that have to do with shipping a cargo—items of 
cost entirely over and above the cargo rate. We do 
know that the actual expenses of the jet plane opera- 
tion as against the ship are, of course; much greater in 
fuel cost. The freighter will use 3 million gal. of fuel 
per year. The aircraft will use 200,000 gal. of fuel per 
trip, which means 120 million gal. per year for the 
operation, almost 40 times as much as the C-2 freighter. 
All the possible savings in insurance, crating, delays, 
etc., would help to offset this. Most of the other items 
in the comparison between the plane and the ship more 
or less balance out, except that the initial cost of the air- 
craft is ten times that of a new vessel. However, on a 
pound basis, this difference works out to a fraction of a 
cent a pound on a 20-year depreciation, and the many 
economies, such as the economy of the much smaller 
crew cost, help to offset this. There is hope in the 


future on the fuel cost not only in new chemical fuels 
that are being developed to give power for much less 
weight but also in the lesser fuel used by the develop- 
ment of ducted fan engines. Also, finally, there will 
be the nuclear energy engine, which would solve this 
problem. It is certain that the extra weight of shield- 
ing needed for the crews’ quarters and to surround reac- 
tors could not possibly weigh nearly as much as the fuel 
requirement in the jet-engine configuration. 


If we could only halve this jet fuel weight by some of 
these new developments, the air load carried would be 
increased to 240,000 tons a year. The C-2 freighter 
fuel will cost about $250,000 a year, and the aircraft 
fuel would total $6,000,000 a year. But the C-2 
freighter carries only 100,000 tons a year and the air- 
craft 240,000 tons. So the ship fuel costs $2.50 a ton 
and the aircraft fuel $25 a ton carried. Can this 1.125 
cents a pound difference be offset by crew savings, less 
crating, less insurance, quicker deliveries, no refrigera- 
tion for perishables, less inventory carried, etc.? If 
not, let us go to the nuclear power plant in a hurry. 


We have, therefore, an interesting preliminary study 
pointing to the great possibility of building an aircraft 
that will carry bulk cargoes at extremely high speeds 
over the oceans. With the advent of many new de- 
velopments, it is possible to foresee that cargoes, even 
of such prosaic commodities as coal and wheat, could be 
carried more efficiently and more cheaply by air than in 
the slow, plodding, ocean-going ships now in use. 


Of course, in time of war, the development of an air 
vessel of this character would have assumed enormous 
importance because the load capacity available would 
allow the movement of 5,000 troops at a time to the 
shores of Europe, Hawaii, or South America, or even, 
for that matter, across our own country. This is the 
kind of national military air power—added to missiles 
of long range to do the old bombing work—that may 
win the next war, largely by massive air envelopment. 
In this case, as in so many instances in history, a non- 
glamorous but courageous and ambitious development 
of commerce may give the strongest sinews for defense. 
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Holden W. Withington* 
Boeing Airplane Company 


Silencing the Jet Aircraft 


The development of an engine sound suppression device that will 


reduce external jet noise with only a minor reduction in airplane 


INTRODUCTION 


q ‘HE GENERAL ACCEPTANCE of the jet transport has 
been clouded by only one factor—noise. The Boe- 


jet transport must incorporate sound suppression 
devices that will reduce the external noise to a level 
comparable to, or lower than, present propeller-driven 
transports. 

Many groups throughout this country and abroad 
have spent considerable effort on the reduction of 
jet noise. At the Fifth International Aeronautical 
Conference of the Institute of Aeronautical Sciences 
and the Royal Aeronautical Society, F. B. Greatrex 
reported on the work done on this problem at Rolls- 
Royce, Limited. John Tyler of Pratt & Whitney 
Aircraft Division, United Aircraft Corporation, has 
contributed several important papers describing work 
on this problem. The NACA has accomplished basic 
investigations in this field. 

Making use of all available background information, 
Boeing embarked on a program to develop a noise 
suppression device for the 707 jet transport which 
would be the optimum combination of acoustical 
characteristics with minimum effects on engine and 
airplane performance and operation. This program 
involves three principal groups within the Engineering 
Department: acoustics, power plant, and aerodyna- 
mics. It includes several coordinated test programs: 

(1) Model-scale acoustical tests. 

(2) Model-scale thrust coefficient tests. 

(3) Full-scale thrust tests. 

(4) Full-scale 707 jet transport prototype noise tests. 


TEST PROGRAMS 


This section of the paper will describe in some detail 
the various test programs in progress. In each case, 
the purpose of the test will be outlined and the appara- 
tus described. Some discussion of the accuracy and 
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performance capabilities. 


types of result will be made. The findings of these 
test programs will be given in the section Discussion 
OF RESULTS. 


(1) Model-Scale Acoustical Tests 


One of the first steps in the overall program of 
developing a jet nozzle sound suppressor was to set 
up a small-scale facility which would be capable of 
acoustically testing a large number of different nozzle 
configurations quickly and at minimum cost. 

The basic air supply available in the acoustical lab 
indicated that a maximum nozzle size of about 3 !/, 
in. could be tested to pressure ratios equivalent to the 
J-57 take-off value. The actual size chosen results in 
a scale of 0.141 times the J-57 standard nozzle diameter. 
Fig. 1 shows a schematic diagram of the test setup. 

Compressed air from the plant system is measured 
in the flow-tube, then heated to about 1,000°F. in the 
kerosene burner. The valve following the burner main- 
tains sufficient back-pressure to ensure clean burning; 
valve and combustion noise is then reduced to an 
acceptable level by the straight-pass absorbent muffler. 
A gradual transition leads to the nozzle under test, 
and in the transition are located the total pressure and 
temperature probes. 

As mentioned above, the scale factor for the model 
nozzles is 0.141 full-scale J-57. In order to correlate 


OUTDOOR TEST AREA 
NOZZLE MICROPHONE LOCATED 7” 
ABOVE CONCRETE GROUND PLANE 
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Acoustic model test facility. 
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with full-scale testing, this factor is used throughout 
the acoustic setup to determine nozzle size and height 
above ground plane, microphone distance and height, 
and wave-length scaling. Since the scaled frequency 
corresponding to 10,000 cycles per sec. full scale is 
about 70,000 cycles per sec., good high-frequency 
response is required of the system, as well as good sen- 
sitivity to permit measuring relatively quiet nozzles; 
we therefore use a Massa microphone system fitted 
with a model 126 head (advertised as flat from 20 to 
100,000 cycles per sec.), feeding a Spencer-Kennedy 
electronic filter good to 200,000 cycles per sec. for 
octave band analysis of the jet noise. (Although no 
absolute calibration is available for frequencies above 
the audio range, a small air-jet calibrator indicates that 
the system is probably reliable to something over 
100,000 cycles per sec.). Two Hewlett-Packard vac- 
uum-tube voltmeters are used—one as a preamplifier, 
the other as a sound-level meter. 

All model acoustical tests shown in this paper were 
made at full-scale pressure ratios and temperatures 
corresponding to maximum dry take-off power of the 
Pratt & Whitney J-57 engine (JT3C-4). The exit jet 
areas were held constant, thus the thrust values were 
consistent within the variation of thrust coefficients. 


2) Model-Scale Thrust Coefficient Tests 


As in the case of the acoustical model tests, it was 
felt desirable to check thrust and weight flow coefficients 
ona model basis in order to study the effects of configu- 
ration changes without the problems of engine operation 
and matching, as well as the much greater costs of both 
building and testing the full-scale nozzles. 

The standard power plant nozzle test rig which has 
been used for several years in nozzle investigations was 
used for these tests. Fig. 2 shows this setup diagramma- 
tically. Here the nozzle inlet pressure Pp’ was adjus- 
ted by means of the primary globe valve. This pres- 
sure was measured by means of a Vibratron transducer 
and a Berkeley Counter. The inlet bellmouth pressure 
APp was obtained from a Meriam Manometer. Sup- 
ply air temperature 7p’ was determined by means of a 
thermocouple and Brown Recorder. Thrust was 
determined by means of a counterbalance scale and 
ring-gage, set up as shown. 

The approximate 1.7-in. nozzle size used in this test 
setup gave a scale factor based on J-57 engine of 0.073. 
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Fic. 2. Model thrust test facility. 
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Fic. 3. 


Test cell installation. 


Construction of models to this scale has proved to be 
especially difficult because of the extremely small 
size. Because of this, a new enlarged test facility is 
now being constructed to take the same size model as 
is used in the model acoustical tests. This will elimi- 
nate one of the scales from future tests by allowing the 
same model to be tested both on the acoustical and 
thrust measuring test setups. 


(3) Full-Scale Thrust Tests 


Full-scale tests were made on a test engine rig to 
determine the thrust, fuel flow, and engine operational 
characteristics with several noise suppressor nozzles 
attached. 

Fig. 3 shows the engine hung in the power-plant 
engine test cell on flexures, the movement of which was 
restrained by a Baldwin-Lima-Hamilton 0 to 20,000- 
Ib. load cell. The output from this load cell was 
registered on a Brown Indicating Potentiometer. To 
offset the unknown effect on thrust of secondary air 
passing over the engine, a bulkhead was installed across 
the engine test cell. The engine projected through 
this bulkhead but was not fastened to it. This 
measured projection area, times the differential pres- 
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RUNWAY ¢ 
500’ NOTES: 
EXPERIMENTAL NOZZLE 


MICROPHONE POSITIONS 


MOUNTED ON ENGINE 
(RIGHT, INBOARD) 
sooo’ ENGINE*3 AT FULL THROTTLE; 
ENGINE AT IDLE. 


Fic. 5. Microphone positions for high-speed taxi tests 
sure across the bulkhead, was applied as a correction 
to the thrust. 

A bellmouth inlet was used to eliminate inlet losses 
and was instrumented to measure engine airflow. 
Rotameters were used to measure fuel flow, and stand- 
ard time-counter r.p.m. were used to 
measure compressor speeds. Nozzle inlet total pressure 
and temperature were measured at four circumferential 
positions. 


indicators 


(4) Full-Scale 707 Jet Transport Prototype Noise Tests 


The 707 prototype has been used to make two types 
of full-scale tests on the noise suppression development 
program—static and high-speed taxi. To date, these 
tests have been ground tests, although it is planned to 
conduct flight tests in the next few months on some of 
the promising configurations. 

Fig. 4 shows a diagram of the airplane and the 
measuring stations used for the determination of the 
static noise patterns. Engine No. 3 was used for all 
nozzle tests. Fig. 5 shows a diagram of the measuring 
stations used in the high-speed taxi tests. These taxi 
tests were conducted by accelerating the airplane with 
four engines and then holding a speed of approximately 
100 knots in the region of the test instrumentation, 
with the No. 3 engine at full take-off power and with 
Nos. 1, 2, and 4 back at idle. Runs were made with 
a standard nozzle on No. 3 and then with each of two 
noise suppression nozzles. Fig. 6 shows one of the 
configurations tested in these high-speed taxi tests. 


DISCUSSION OF RESULTS 


The results of the various test programs will be dis- 
cussed in this section under the same divisions as in the 
preceding section. A comparison of model and full- 
scale tests will be made to show the areas of agreement. 
In addition, the effects of these noise reductions on the 
structural problems of the wing trailing-edge areas 
in the proximity of the jet exhaust is shown. 

Throughout the report, each particular nozzle con- 
figuration carries the same designation number regard- 
less of whether it is model or full scale. The prefix 
letters will indicate the scale and test program for 
which the model was built, as follows: 


FS Full-scale J-57 engine. 
MAE Model-scale acoustical (0.141 full scale). 
MPP Model-scale thrust characteristics (0.073 full scale). 


Thus, FS 3 refers to nozzle configuration 3 full scale 
and MAE 3 means that the nozzle configuration was 3 
and that it was built to the scale for the model acoustj. 
cal tests. 


(1) Model-Scale Acoustical Tests 


The use of small-scale model tests to check the acous. 
tical characteristics has proved extremely valuable. 
Several configurations have been tested both mode] 
and full scale, and, although results do not check 
exactly, the data agree well enough to determine signif. 
cant trends. <A great many diiferently shaped nozzles 
may be tested quickly and inexpensively by this method, 

The first series of nozzles tested, Nozzles 1 and 2, 
was taken directly from Dr. Greatrex’s paper given at 
the 1955 IAS-RAeS meeting. 
on Fig. 7. 
work. 

The noise reduction achieved in this first series 
appeared to be empirically a function of the periphery 
of the nozzle—the greater noise reduction being as- 
sociated with the deeper corrugations or greater pe- 
riphery at the nozzle exit. 

With this in mind, several scale-model nozzles were 
made up which increased the periphery and to which 
many bars or wedges were added to increase further 
the turbulence in the jet exhaust. Figs. 8, 9, and 10 
show the results. These figures show that rather large 
values of noise reduction can be achieved. A maxi- 
mum reduction of 35 db. in the 75-600 cycles per sec. 
frequencies was obtained. 

Fig. 11 compares the results of the above-mentioned 
model nozzles. This plot gives the noise levels at ap- 
proximately the angle of maximum noise intensity. It 
should be noted that the majority of the nozzles 
achieved reductions in the frequency range up to about 
2,400 cycles. Only one configuration, nozzle MAE 
14A, Fig. 9, achieved significant reductions up through 
9,600 cycles per sec. 


The results are shown 
The data agree well with the Rolls-Royce 


(2) Model-Scale Thrust Coefficient Tests 


The thrust characteristics for a range of pressure 
ratios of some of the noise reduction nozzles are given in 
Fig. 12. This figure shows that Nozzles 1 and 2 show 
essentially no loss up to pressure ratios of 2.5, then fall 
off to a loss of approximately 1 per cent at a pressure 
ratio of 4. Nozzles 3, 4, and 5 show fairly flat charac- 
teristics over the range of pressure ratios tested. 

One cause of these poor thrust coefficients appears to 
be the fact that, when the corrugations extend down to 
the center plug, separation occurs from the surface of 
the plug. Previous tests on this type of nozzle show 
that this will account for about 2 per cent or nearly 
half of the loss. The results of these tests show that 
more refinement is necessary to reduce the thrust losses 
associated with these nozzles. 


(3) Full-Scale Thrust Tests 


Five nozzle configurations were tested in the power 
plant unit’s test cell to check actual thrust and fuel- 
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Fic. 12. Results of scale model testing. 


flow values and to determine the extent of the engine 
operating problems. The effects on thrust and fuel 
flow of these various nozzles as compared to the stand- 
ard nozzle are shown in Fig. 13. From this we see that 
Nozzles 1 and 2 show extremely little effect. Nozzles 
3 and 5 start to show a measurable deterioration. 
Nozzle 4 shows nearly 6 per cent loss. Further investi- 
gation of Nozzle 4 showed that the entire plug was 
separated. This is responsible for nearly half of the 
6 per cent loss. We believe that it is entirely possible 
to eliminate this separation by proper plug shape and 
tailoring of the nozzle shape at the plug. Additional 
nozzles to correct this deficiency are now under con- 
struction. 

Nozzles 1, 2, and 3 did not alter the engine match or 
operating conditions by any measurable amount. 
Nozzles 4 and 5 showed some mismatch which would 
require minor changes in exit area not exceeding | per 
cent. 


(4) Full-Scale 707 Jet Transport Prototype Noise Tests 


Two types of test have been conducted on the 707 
prototype. One was the testing of seven full-scale 
nozzles on No. 3 engine for the purpose of measuring the 
static ground noise pattern in comparison with the 
standard nozzle. The second type was a high-speed 
taxi test to measure noise levels from a moving source, 
up to 100 knots. Two of the more promising noise 
reduction nozzles were tested in comparison with the 
standard nozzle. 

The results of the static tests are shown in Figs. 14, 
15, and 16. These data show reduction in the maxi- 
mum noise values up to 15 db. overall and 20 db. in the 
lower frequencies. The greater attenuation of the low 
frequencies is encouraging as this means that, at greater 
distances, the overall noise values may show even more 
reduction because of the somewhat greater attenuation 
of the remaining high frequencies with distance. In 
addition, any shelter or airport building will give a 
greater attenuation to these remaining high frequencies. 

We all realize that the static pattern is only part of 
the picture. There is much interest in the noise ob- 
served at a given point as the airplane passes by or 
overhead. It is possible to calculate by simple geom- 
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etry what this noise level should be from a passing FIG. | 


noise source, provided the actual shape of the nois 
contours are known. The standard conical nozz] 
gives a static noise pattern with the maximum at aj 
angle of 35° to 40° from the jet axis. This results in 
maximum noise level computed to occur as the movin 
airplane reaches a position where the angle from the je} 7 re) 
axis is approximately 40°. This agrees with measured § 
data from our high-speed taxi tests which showed th bn: 
maximum at about 38°. 
Most of the noise reduction nozzles tested to date i x 
the Boeing program have achieved maximum attenua}™ | 
tion in the direction of maximum noise which is fro q ! 
35° to 45° from the jet axis. This results in a noise | 


S48 
pattern whose shape is more nearly circular than that oj = \ 


\ 
the conventional conical nozzles. \ 


From this, we would expect that the maximum noisd #™™S— 
level from a moving source, with the noise reduction 
nozzles in place, would occur at a somewhat greatef 
angle from the jet axis and that the noise reduction FIG 
would be less than that observed in the static pattern 
The high-speed taxi tests run at Boeing tend to show 
this to be true, as shown in Fig. 17. 


TANDARD 


The results from these taxi tests are extremely inter 
esting. Nozzle 5 had shown a maximum overall reduc: 
tion of 15 db. at an angle of 40° from the jet axis. The 
taxi tests show a peak reduction of 10 db. and an aver: 
age reduction of about 8 db. with two peaks, one whet 
the observer was directly abeam of the airplane and thd” : 
other at about 45° from the jet axis. This does not]? 
appear to be a poor measurement as observers noted RE 
this same characteristic by ear. No explanation 1s DI 
presently available. Nozzle 4A behaves more nearly ee 
as would be expected, with the peak reduction going] 0° 
from 15 db. in the static pattern to 13 db. in both peak \ 
and average values in the taxi tests. This peak oc \ 
curred when the airplane had reached a position where \ 
the angle to the jet axis was 45°. 

We can conclude from these tests that the noise re-] JT AXIS- 
duction for this type of nozzle, as observed at a poimt}™ 
with the noise source moving at speeds on the order off} 
100 knots, is approximately two-thirds of the maximum 
measured in the static pattern. This effect has been 
used in predicting the take-off and climb-out noise 
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patterns of the 707 jet transport, as shown in the next 
section. 

It is only fair to point out that these tests were made 
on the last day of a particular flight period and that the 
weather was unusual for Seattle in December 
heavily with cross-wind gusts up to25 knots. This may 
have affected the accuracy of the noise measurements of 
these high-speed taxi tests. 


raining 


(5) Comparison of Model and Full Scale 


Since our program has been conducted both model 
and full scale, it is proper to show some comparison be- 
tween equivalent configurations. Figs. 18 and 19 show 
an acoustical comparison of Nozzles 1, 2, and 3 and the 
standard conical. 

These comparisons, while not exact, do show that the 
model-scale tests are certainly adequate to show trends. 
Corrections were required to the model data at angles 
near 90° because of building reflections. These correc- 
tions were obtained by making a survey at a smaller 
radius from the nozzle. Since there is at least a 10:1 
cost ratio in both construction and testing, the model- 
scale work will continue to be extremely useful. 

Fig. 20 shows the thrust comparison achieved on 
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has not been shown because it was found that the cop 
struction of the full-scale and model nozzles differe 
in the detail at the plug. This has been found to bk 
critical. 


(6) Structural and Weight Considerations 


No discussion of these noise suppression nozzles would 
be complete without some indication of the weight 
penalties which we might expect from some of these 
weird shapes. Obviously, these nozzles will weigh 
more than the simple conical nozzles now in use op 
nonafterburning engines. Our full-scale test nozzles 
weighed about 100 Ibs. more than the standard nozzle. 
These were so-called “boiler plate’’ test articles. Also, 
they are not ‘‘qualified’’ and were not considered suit. 
able for flight. 
achieve a noise suppression nozzle with life equivalent 
to the simple standard conical nozzle. However, jf 
completely variable afterburner nozzles with hundreds 
of small parts are successful at afterburner tempera- 
tures, we should be able to make one of these fixed 
noise suppression nozzles a practical reality. 

On the positive side of the weight problem are the 
structural benefits which are experienced on the under. 
side of the wing in the region of the jet exhaust. Fig. 
21 shows reduction of 17-19 db. in the lower “‘structu- 
rally critical’ frequencies (150-1200 cycles per sec.) at 
two positions on the wing. This reduction in acousti- 


Much development work is required to 


cal excitation is equivalent to a thrust reduction of apf 


proximately 50 per cent. This results in a possible 
trade of lower wing weight or increased life and lower 
maintenance in these areas. Experience with the B-47 
and the B-52 has shown that major structural problems 
caused by this acoustical environment exist in wing 
trailing edges, flaps, and ailerons. 

In addition to relieving the structural problem oi 
parts of the wing, these noise suppression nozzles will 
influence the amount of cabin soundproofing required 
for a particular cabin interior sound level. This effect 
is most pronounced in the take-off and initial climb con- 
ditions and in the aft portion of the cabin during cruise. 
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APPLICATION OF RESULTS TO THE 707 
Jet TRANSPORT 


The preceding section has shown results in the various 
programs directed toward ‘‘Silencing the Jet Aircraft.”’ 
The test program is far from completed, but we can 
see how the results obtained so far apply to the 707 jet 
We will take the full-scale nozzle test data 
(4and 5) as the basis for the configuration, keeping in 
mind that we have already achieved considerably more 
noise reduction in our model-scale acoustical tests. 

Two problems are important: One is the ground 
run-up noise pattern, the other is the take-off and climb- 
out noise pattern. 

Fig. 22 shows the ground run-up static noise pattern 
as compared to a typical propeller transport (DC-7). 
Here we see that the 707 jet transport will have equiva- 
lent maximum overall noise levels. 

Fig. 23 shows the take-off and climb-out comparison 
between the 707 jet transport and the DC-7 propeller 
transport. We have compared the DC-7 with the 
707 at gross weights which give the same range at 
} maximum pay load. Use of the anticipated 9,500-ft. 
runway at New York International Airport would allow 
the 707 to be loaded still more heavily and hence achieve 
still greater range at maximum pay load. This would 
result in a flatter climb-out pattern and would increase 
by 1 db. the noise level on the ground at a point 2 miles 
from the end of the runway. 

This figure shows overall values which are not neces- 
‘sarily a true picture of the annoyance. This is because 
the overall value tends to be determined by the low fre- 
quencies for the propeller airplane and by the high fre- 
quencies in the case of the 707 jet transport equipped 
with silencing nozzles. 

Thus, from inside buildings, the jet will appear even 
quieter, and, in addition, the greater speed of the jet will 
mean less exposure time. 


transport. 


The somewhat controversial 
factor of greater attenuation of the high frequencies 
with distance has not been considered in this com- 
parison. This would mean still less noise annoyance 
for the 707 jet transport. 
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SOUND LEVELS ON 
GROUND 


The preceding comparison has been made on the basis 
of a maximum power climb-out. This will tend to give 
the lowest total area affected by a given noise value. 
However, there are many airports which are surrounded 
by highly populated districts close to the field, but, 
several miles out, there may be open country or even 
water. In this case, it is possible to climb only to a 
minimum altitude of, say, 1,000 ft., then level off and 
reduce power until over open country or sea and then 
resume climb. This may result in a reduction for some 
of the surrounding areas. Fig. 24 shows a comparison 
of this technique with the maximum climb pattern. 


CONCLUSIONS 


The preceding paper is in effect a progress report of 
the jet silencing program currently in progress at the 
Boeing Airplane Company. It is an extremely en- 
couraging report. Six months ago, there appeared 
little or no hope of reducing the jet noise with any re- 
motely practical device; now, after only 3 months of 
actual testing with some seven full-scale nozzles and 
over 40 small-scale nozzles, we have been able to reduce 
the noise from the jet by amounts which could result 
in jet aircraft considerably quieter than present-day 
operating transports. 

It is not possible at this time to predict the inevitable 
trade between performance penalty and noise reduction. 
However, even the present results indicate that we now 
have available to us a practical means of reducing the 
noise from jet engines. Further refinements will of 
course be required before the optimum combination of 
airplane and engine performance characteristics with 
the desired amount of noise reduction has _ been 
achieved. 

It is logical to expect that the performance penalties 
and additional weight of the silencing nozzle will in- 
crease with the reduction of jet noise. However, the 
benefits of improved airport-neighborhood relations, 
the increased structural life of the wing trailing-edge 


(Continued on page 84) 
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A summary account of the various 
stages leading to the development 
by the Uniled States of the earth 
satellite program and a description 
of present plans and organization. 


Rocket and Satellite Studies 
During the IGY 


4 lew SURGE OF INTEREST in the earth satellite pro- 
gram had its basis in the assemblies of some 40 
nations, meeting to plan and integrate the unprece- 
dented study of man’s physical environment known as 
the International Geophysical Year, 1957-1958. This 
world-wide study primarily embraces those fields of 
geophysics in which observations must be conducted 
simultaneously over the earth if we are to achieve sig- 
nificant progress in our understanding of the earth and 
its atmosphere. Problems to be studied include aurora 
and airglow, cosmic rays, geomagnetism, glaciology, 
gravity measurements, ionospheric physics, longitude 
and latitude determinations, meteorology, oceanog- 
raphy, seismology, and solar activity. Two additional 
areas of activity are of special interest: rocket studies 
of the upper atmosphere and the recently announced 
satellite studies which represent a logical extension, 
technically and conceptually, of the rocket program. 

The IGY program of the United States not only in- 
cludes contributions to each of these fields but ranges 
far and wide geographically, into the Arctic and the 
Antarctic and into the oceans on each side of the West- 
ern Hemisphere. It will penetrate deep into the earth, 
ice, and oceans and high into the atmosphere, as well 
as above it. It will use the latest techniques and most 
advanced theories and, together with the data provided 
by the other nations, will provide research material for 
years to come. 

The time for this major international effort was se- 
lected to coincide with a period of maximum solar ac- 
tivity. This will enable us to plan especially coordi- 
nated and intensified world efforts on such occasions as 
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expected intervals of unusual magnetic, ionospheric, or 
auroral activity and on days of solar eclipses and tin. 
usual meteor showers. Special cooperative efforts wil 
be made during these intervals to record the many 
phenomena which react so remarkably to the comple 
activities of the sun. 

Since the satellite program is the one which is @ 
special interest, I shall attempt to describe how it cam 
into being, the present status of plans, and the types d 
experiment under consideration. Since the announce 
ment of the program on July 29, 1955, by the President, 
questions on these points have been asked often by 
scientists and laymen alike. 

The interest of the U.S. National Committee for the 
International Geophysical Year in earth-circling re 
search satellites began with the adoption of resolutions, 
during the summer and early fall of 1954, regarding the 
desirability of such vehicles. These resolutions were 
adopted by three international scientific bodies: The 
International Scientific Radio Union, the International 
Union of Geodesy and Geophysics, and the Special 
Committee for the IGY of the International Council of 
Scientific Unions (CSAGI). The resolution of most 
immediate interest is the one adopted on October 4 
1954, by the CSAGI: 

“In view of the great importance of observations 
during extended periods of time of extraterrestrial radia- 
tions and geophysical phenomena in the upper atmos 
phere and in view of the advanced state of present rocket 
techniques, CSAGI recommends that thought be given 
to the launching of small satellite vehicles, to their 
scientific instrumentation, and to the new problems 
associated with satellite experiments, such as powef 
supply, telemetering, and orientation of the vehicle.” 

In view of these international recommendations ant 
in view of the advanced state of United States rocketry 
development, the Executive Committee of the US. 
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National Committee for the IGY (USNC-IGY) con- 
sidered the possibility of constructing, launching, and 
observing an instrumented satellite. A special group 
was established for this purpose, composed of various 
members of the USNC Executive Committee and the 
USNC Technical Panel on Rocketry. 

On the basis of recommendations made by the special 
study group, the Executive Committee decided that an 
instrumented satellite program not only was of scien- 
tific importance but was feasible, and it adopted a 
resolution which reads in part as follows: 

“The Executive Committee of the USNC-IGY feels 
that a small artificial satellite for geophysical purposes 
is feasible during the International Geophysical. Year 
if action is initiated promptly and that the realization 
of such a satellite would give promise of yielding original 
results of geophysical interest.”’ 

The Executive Committee authorized me to trans- 
mit the aforementioned findings and resolution to the 
President of the National Academy of Sciences and to 
the Director of the National Science Foundation. This 
was done on March 14, 1955. 

Meanwhile, the scientific and technical studies of the 
Committee’s special satellite group continued. By the 
early part of May, a preliminary program had been de- 
veloped, and the Committee directed me to transmit 
the proposed program to the federal Government 
through the National Science Foundation. This was 
done on May 6, 1955. 

Late in July, the Government’s approval of the satel- 
lite program permitted me to notify the CSAGI of our 
plans. In my letter of July 26, 1955, to Sydney Chap- 
man, President of CSAGI and one of the world’s most 
distinguished geophysicists, I said: 

“The United States National Committee believes 
that significant scientific data may be gathered as a 
result of this program in such fields as geodesy, atmos- 
pheric physics, ionospheric physics, auroral physics, 
and solar radiation. The participation of other nations 
engaged in the International Geophysical Year is in- 
vited, and to this end we shall provide full scientific 
information on the orbiting vehicle so that other na- 
tions may monitor the device and make appropriate 
observations. The United States National Committee 
looks forward to the interest and cooperation of other 
nations in what it hopes will be one of the great scien- 
tific achievements of our time.’’ 

On July 29, 1955, Dr. Chapman released this letter 
to the public at Brussels through CASGI’s Secretary 
General, M. Nicolet. A few minutes later, the Presi- 
dent’s endorsement of the program was made public at 
the White House by James C. Hagerty, the President’s 
Press Secretary : 

“On behalf of the President, I am now announcing 
that the President has approved plans by this country 
for going ahead with the launching of small, unmanned, 
tarth-circling satellites as part of the United States par- 
ticipation in the International Geophysical Year, which 
takes place between July, 1957, and December, 1958. 
This program will, for the first time in history, enable 
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scientists throughout the world to make sustained ob- 
servations in the regions beyond the earth’s atmosphere. 

“The President expressed personal gratification that 
the American program will provide scientists of all na- 
tions this important and unique opportunity for the 
advancement of science.” 

Dr. Chapman replied to me on August 3, 1955. The 
substance of his letter is contained in the following three 
quoted paragraphs: 

“On behalf of the CSAGI I wish to express great 
satisfaction that it was in consequence of the CSAGI 
resolution you quote that your National Committee 
arranged for a study of the possibilities and value of the 
construction of a satellite vehicle for upper atmospheric 
and other scientific exploration. 

“T am glad to know that this study was so successful 
that your Committee felt able to resolve to construct 
and launch small satellites as a part of the United 
States contribution to the International Geophysical 
Year and to announce these plans publicly. The long 
experience of your scientists in rocket launching and 
construction, and the brilliant use they have made of 
rockets for upper atmospheric and solar exploration, 
gives confidence that the plans so announced will be 
fulfilled. 

“This will indeed be one of the great -scientific 
achievements of our time and will give occasion and 
opportunity for the cooperation of other nations in this 
outstanding part of the great enterprise, the Inter- 
national Geophysical Year.” 

These, then, were the early steps in the development 
of the Academy’s satellite program: the international 
resolutions recommending such an effort; months of 
preliminary study and planning by the U.S. National 
Committee for the IGY, culminating in the March 10 
basic recommendation of the Committee and May 6 
program proposal to the Government; the exchange of 
letters between the Chairman of the USNC-IGY (July 
26, 1955) and the President of CSAGI (August 3, 1955); 
and the President’s endorsement of the program on 
July 29, 1955, signaling the actual undertaking of the 
program. 

The scientific basis for the satellite program is to be 
found in the need for basic, directly observed data which 
ground-based experiments are unable to provide. The 
lack of such data is probably the most important single 
factor accounting for present incomplete explanations 
and theories regarding such fields as auroral and iono- 
spheric physics. 

Rocket soundings of the upper atmosphere have 
yielded significant results, and the IGY program in- 
cludes a major rocket research effort. Some hundreds 
of rockets will be fired during the IGY, ranging from 
the relatively small balloon or aircraft-launched de- 
vices to high-performance Aerobees capable of reaching 
approximately 200 miles. The results of these experi- 
ments are expected to contribute to a better under- 
standing of atmospheric events in two ways: (1) 
Rocket observations will provide direct data of various 
phenomena which can be used, so to speak, to calibrate 
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ground-based observations. The latter, as with iono- 
spheric soundings, provide rather conveniently and in- 
expensively indirect data. (2) New discoveries may well 
be made, particularly of events screened by the earth's 
atmosphere. 

Thus rockets permit us to make direct measurements 
of quantities that are either only indirectly observable 
or are not observable at all from the ground. They also 
provide a technique for measuring the altitude depend- 


ence of various geophysical parameters. Unfortu- 
nately, rockets have two serious disadvantages: (1) 
Their total flight is extremely short, and the time spent 
in a particular altitude range is even shorter. (2) 


Their flight paths are restricted in terms of geographic 
coverage. 

Thus, in spite of the great value of rocket data, much 
of which is attainable only by rocket methods, there 
exists a need for a device that can provide synoptic data 
over the earth, at high altitudes, over appreciable pe- 
riods of time. As examples, one can cite the following: 
fluctuations in such solar effects as ultraviolet radiations 
and X-rays, cosmic ray intensities, current rings en- 
circling the earth, and particle streams impinging on 
the high atmosphere. These and other phenomena are 
among the most important problems connected with 
the physics of the upper atmosphere and with solar- 
terrestrial relationships. 

Clearly an earth satellite would permit observations 
of the kind indicated, and the value of these studies con- 
vinced the USNC of the merit of responding to the 
invitation of CSAGI. In its report last October to 
CSAGI, the Committee indicated that the following 
types of experiments were under consideration: (1) 
determination of outer atmosphere densities by obser- 
vation of the air-drag effect on the satellite's orbit; (2) 
obtaining of more accurate measurements of the earth's 
equatorial radius and oblateness and of intercontinental 
distances and other geodetic data than are presently 
available; (3) long-term observations of solar ultraviolet 
radiations; (4) studies of intensities and fluctuations in 
intensity of the cosmic and other particle radiations 
impinging on the atmosphere; (5) determination of the 
density of hydrogen atoms and ions in interplanetary 
space; (6) observations of the Stérmer current ring; (7) 
if possible, determination of the distribution of mass in 
the earth’s crust along the orbital track. 

How many and what experiments will be undertaken 
cannot be specified at this time. In part, these depend 
on the number, size, and pay-load capacity of the satel- 
lites. In part, they depend on choices yet to be made 
by the USNC, in collaboration with interested scientists, 
for in all probability more experiments will be proposed 
than can be fitted into the IGY satellite program. 

Work on technical details of the satellite is currently 
under way. Information now available may be stated 
briefly: The satellites will be small, will contain scien- 
tific instruments, will be trackable from ground by 
optical and radio techniques, and will probably be 
visible to the naked eye under optimum conditions at 
dawn and dusk and certainly observable under good 
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atmospheric conditions by means of binoculars anj 
wide-field optical equipment. 

The satellite may be described as about the size of , 
basketball, although the shape has not yet been fixed 
Each satellite will weigh more than 20 Ibs. but probably 
less than 50 Ibs. The satellite will travel about th 
earth in an elliptical orbit, with a perigee distance of a 
least 200 miles and an apogee distance of some {jj 
miles. It is expected that the satellite will remain jp 
its orbit for at least several weeks and perhaps months 
The greater the perigee and apogee distances, the 
longer the life of the satellite as a result of reduced 
atmospheric resistance. The velocity of the satellite 
will be approximately 18,000 m.p.h., giving a period oj 
about an hour and a half, depending on the precig 
perigee and apogee values. 

The Government's endorsement of the Academy’s 
satellite proposal permitted the Committee to proceed 
beyond the preliminary plans outlined in its May § 
document. Whereas the studies of the Committee 
had been conducted on an ad hoc basis, calling upon 
members of the USNC Executive Committee and the 
Technical Panel on Rocketry, as well as upon various 
consultants, it now became appropriate to establish a 
Technical Panel on the Earth Satellite Program. 

The membership of this Panel is as follows: R. VW. 
Porter, Chairman (Consultant, Communication and 
Control Division, General Electric Company); Hugh 
Odishaw, Secretary (Executive Secretary, U.S. Na 
tional Committee-IGY, National Academy of Sciences 
Joseph Kaplan (Professor of Physics, University oj 
California at Los Angeles; Chairman, U.S. National 
Committee-IGY, National Academy of Sciences 
H. E. Newell, Jr. (Acting Superintendent, Atmosphere 
and Astrophysics Division, Naval Research Labora- 
tory); W. H. Pickering (Director, Jet Propulsion 
Laboratory, California Institute of Technology); A. F. 
Spilhaus (Dean, Institute of Technology, University 
of Minnesota); Lyman Spitzer, Jr. (Professor oi 
Astronomy, Princeton University); J. A. Van Allen 
(Professor of Physics and Head of the Department of 
Physics, State University of Iowa); F. L. Whipple 
(Director, Smithsonian Astrophysical Observatory; 
Professor of Astronomy and Chairman of the Depart: 
ment of Astronomy, Harvard University). 

The functions of this Panel are analogous to those of 
the other twelve Technical Panels of the USNC in the 
various IGY disciplines. The Technical Panel on the 
Earth Satellite Program, with such additional member- 
ship and consultants as are necessary, will have funda- 
mental responsibilities, acting on behalf of the USNC, 
in further developing, coordinating, and directing the 
overall scientific satellite effort. The Panel expects to 


utilize contributions from many scientists and institu- 
tions, a feature that has characterized the planning o/ 
all IGY programs under the auspices of the USNC. 
At the same time, the Government’s support made 
it desirable to begin certain technical phases of the 
effort immediately if launchings were to -be realized as 
early as possible during the 1957-1958 IGY period. 
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ROCKET AND SATELLITE STUDIES DURING THE 


The Committee had taken cognizance, in its May 6 
proposal, of the need for logistic support from the De- 


‘}oartment of Defense; only through the use of this 


yency’s facilities and rocket experience could the pro- 
sam be attempted economically and _ realistically. 
\ccordingly, the Committee called for this type of 


assistance. 


In making this request, the Committee had two 
major precedents: first, the Antarctic Program which 
requires extensive expeditionary and logistic support 
and, second, the rocket program. In both these areas, 
the Department of Defense has responded and is mak- 
ing substantial contributions to the IGY program. 

Following the President’s approval on July 29, the 
Committee’s request for logistic support in the satellite 
program was granted. This support will be provided 
jointly by the three military services under Navy 
management. A group has already been established, 
directed by Dr. John P. Hagen of the NRL, for the 
conduct of Project Vanguard, the name assigned to 
Defense’s effort. Contracts have already been issued 
jor some of the propulsion rocket vehicles, and Project 
Vanguard will conduct the operations necessary to get 
the satellite on orbit, following much the same pattern 
established for the IGY rocket program. 

The satellite program, then, is already under way. 
Although it is clearly an exciting and significant en- 
deavor, one should not lose sight of the difficulties of 
the enterprise. The Committee’s studies indicated 
that existing rocket technology provided a sound basis 
for the feasibility of the proposal. Yet the venture is 
truly a pioneering one, and partly for this reason the 
Committee's May 6 document called for some ten in- 
strumented satellites, with the hope that at least five 
or six would be successfully launched into their orbits. 

The growing realization of the technologic feasibility 
of a satellite endeavor in recent years provided the 
impetus to international considerations of such a pro- 
gram. The German V-2 rocket development of World 
War II, the high atmosphere research rockets—for 
example, the Aerobee and the Viking—of the United 
States, and related rocket efforts of other nations 
created a body of literature and a technology that pro- 
vided the foundations for a new departure. During 
the last decade or so, the concept of small research 
satellites for the study of the high atmosphere has 
occurred to many thoughtful individuals. Members 
of the Upper Atmosphere Rocket Research Panel, an 
informal group of leading United States rocket and 
upper atmosphere scientists and engineers, have con- 
sidered just such prospects. 

Such, then, was the climate at the Rome meeting in 
the autumn of 1954 when representatives of various 
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nations met to coordinate the IGY programs, and out 
of it grew the CSAGI resolution advocating the satel- 
lite venture. This venture not only has grown out of 
the world-wide IGY program but is a substantial and 
promising part of it. The intensity of effort to be de- 
voted by more than 40 nations, investigating phe- 
nomena in some twelve geophysical disciplines, is aug- 
mented now by the results that the satellite program 
promises: observation of high atmospheric and inter- 
stellar events unhindered by the earth’s lower masking 
atmosphere. 


In this venture, other nations and other observers 
will share, for, as the President indicated, the satellite 
will be public. Its design and instrumentation will be 
made The frequencies of the telemetering 
system, which will radio back to earth the scientific 
observations, will be revealed. The results of observa- 
tions will be published. These provisions, in keeping 
with the peaceful and cooperative spirit of the IGY, 
will permit the satellite to be followed and observed 
throughout its course about the earth. 


known. 


One year after the Rome meeting and some 2 months 
after the President’s announcement, the nations of the 
world met again at Brussels to integrate further their 
respective IGY efforts. The inspiring character of the 
President’s announcement was clearly revealed. The 
scientists of the 40 or more other nations participating 
in the IGY received the news of the proposed U.S. 
satellite program enthusiastically. This reception was 
based in part on the great admiration by scientists of 
other countries for the past achievements of American 
rocket scientists. More important, however, this 
reception was based on the knowledge that the value of 
geophysical observations made during the IGY would 
be enhanced greatly by the addition of extensive, direct 
data obtainable only from research satellites. 


Participation of scientists in this endeavor falls 
within the purview of the National Academy of Sci- 
ences, which established the U.S. National Committee 
forthe IGY. This Committee, with its subcommittees 
and panels, is charged with responsibilities for planning, 
directing, and executing the United States-IGY effort. 
The Government has cooperated extensively in the 
realization of the program, both programwise and 
fiscally. The National Science Foundation, at the 
request of the Academy, has assumed responsibility 
for the fiscal aspects of the program and has played a 
major role in the coordination of Government interests. 
Federal funds totaling $12 million have already been 
appropriated for the overall IGY effort, and it is 
hoped that the current session of Congress will appro- 
priate the rest of the funds needed. 
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An examination of the NACA 
research covering stability and 
control, propellers, and the 
aerodynamic characteristics of 
wing-propeller combinations, 
wilh a hypothetical design based 


on available information. 


INTRODUCTION 


a THE PAST 5 YEARS the Langley Aeronautical 
Laboratory of the National Advisory Committee 
for Aeronautics has been conducting research on the 
problems of vertical take-off transport airplanes. 
Almost all of the work has been done with propeller- 
driven configurations, and the present paper will be 
limited to this type. The work has been based on the 
premise that such machines should be efficient airplanes 
with good flying qualities in the normal flight condition 
and should therefore be similar to conventional trans- 
port airplanes insofar as possible. Also, with transport 
airplanes, considerations of passenger comfort and cargo 
loading indicate the necessity of keeping the fuselage 
more or less horizontal at all times. 

With these restrictions, two possible ways of achiev- 
ing vertical take-off and landing come to mind. These 
are illustrated in Fig. 1. The top sketch shows a 
tilting-wing configuration in which the entire wing- 
propeller-engine combination is rotated to a vertical 
position for vertical take-off. With the other arrange- 
ment, the propellers, engines, and forward part of the 
wing remain fixed to the fuselage, and lift for vertical 
take-off and landing is obtained by deflecting the pro- 
peller slipstreams downward by means of large-chord 
flaps or vanes. 

To evaluate properly the relative merits of these 
two schemes, it was first necessary to have some infor- 
mation on the type of configuration needed for deflect- 
ing the slipstreams. The first approach was to use a 
cascade of 90° are turning vanes. Hovering, take-off, 
and landing flight tests of a model using four such vanes 
indicated that the deflected-slipstream principle could 
be used to obtain VTO performance.! These successful 
results led to two subsequent research programs. The 
first consisted of flight tests to study the stability and 
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control problems in hovering and transition of tw 
configurations—one utilizing the tilting-wing idea, 
the other employing the deflected-slipstream principle 
Parallel with this flight-test program, a force-test 
investigation was undertaken with the objective ¢ 
developing simpler propeller-wing-flap configuration 
that could deflect the propeller slipstream and aly 
could be retracted into a conventional monoplane wing 
configuration. 

The results of these two programs, along with a mor 
recent study of the characteristics of propellers suitabk 
for VTO application, will be reviewed in this paper. | 
will conclude with an illustration of a possible VT( 
transport configuration and will show an estimate of the 
performance of this configuration. 


SLIPSTREAM-DEFLECTION STUDIES 


There are obviously too many possible configuration: 
that may be used to deflect the propeller slipstream to 
permit a detailed systematic investigation of all vari- 
ables. Instead, the approach has been to test a few 
general configurations to indicate the general possibili- 
ties, with the assumption that detailed development 
of the more promising arrangements could come later, 
possibly in connection with specific airplane projects 
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ye shown in Fig. 2. The tilting-wing configuration 
upper left), of course, provides a basis of comparison; 
the data have been reported in references 2 and 3. 
The data on the plain flap configuration with vanes 
have been reported in references 1, 4, and 5. The 
characteristics of the other configurations will be re- 
viewed in subsequent figures. A convenient method of 
presenting the results of slipstream-deflection tests 
is illustrated in Fig. 3, along with some results for a 
sotted-flap configuration. It should be remembered 
that we are discussing tests at zero forward speed so 
that the only forces present are those due to the 
direct propeller thrust and the effect of the propeller 
jipstream on the wing. The propeller thrust is shown 
by the horizontal vector. With the flaps deflected, 
a lift and a drag force will be produced by the slip- 
steam. The drag, of course, subtracts from the 
thrust, and, by plotting the difference (JT — D) against 
the lift, we obtain the end point of a resultant-force 
vector which gives us an indication of the effective 
turning angle and the amount of thrust lost in the turn- 
ing process. For the vector shown, 55° turning was 
obtained with a loss of about 5 per cent of the thrust. 

It is, of course, not necessary to obtain a full 90° 
turning if we can allow the airplane to assume some 
nose-up angle for take-off. Probably 70° turning- 
that is, a 20° ground attitude—would be satisfactory 
for most cases. 

The data obtained with one slotted-flap configura- 
tion’ are also shown in Fig. 3. The lines shown rep- 
resent the faired curve through points obtained with 
various flap deflectors. With the rear flap only, a 
turing angle of about 30° can be obtained. By using 
acombination of two slotted flaps, the turning angle is 
increased but at the expense of a gradual loss in re- 
sultant force. With this configuration, we can reach 
about 70° turning with a loss of 10 per cent of the thrust. 
These results were obtained with 30 and 60 per cent 
chord slotted flaps on a wing that had a basic chord 
of about three-fourths of the propeller diameter. 
Obviously, we would expect the turning angle to be a 
function of the size of the wing with respect to the size 
of the propeller. In searching for a size factor to 
correlate with the turning angle, the ratio of flap chord 
to propeller diameter was found to give some correla- 
tion, as illustrated in Fig. 4. 
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Some of the wing-propeller configurations investigated. 
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Fic. 3. Slipstream deflection by the slotted-flap configuration. 

Here we have plotted the turning angle obtained as a 
function of the extended flap-chord to propeller-diame- 
ter ratio for single and double slotted flaps. In the 
case of the double flap, the extended flap chord is 
defined as the sum of the chords of the two elements. 
The importance of flap chord in turning the slipstream 
is obvious, as is the importance of using two flap seg- 
ments rather than one. These results are for con- 
figurations with a symmetrical airfoil, without incidence 
and without auxiliary vanes. These modifications can 
be used to increase the turning somewhat, particularly 
at the lower turning angles. 

Now that we have an idea of what it takes to turn 
the slipstream (out of ground effect, at least), there are 
two problem areas that must be considered. The first 
of these concerns the diving moments associated with 
the large flaps used as shown in Fig. 5. Here we have 
the pitching-moment parameter 1//TD plotted as a 
function of turning angle for a number of configurations. 
The pitching-moment parameter used (pitching mo- 
ment divided by thrust times diameter) is nondimen- 
sional and represents an effective displacement of the 
thrust axis from the center of gravity—that is, a value 
of M/TD = —0.20 indicates that the thrust axis would 
have to be lowered 20 per cent of the diameter to trim 
the configuration. The data shown here are referred toa 
center of gravity at 45 per cent chord, 12 per cent chord 
below the wing chord plane. With the thrust axis on 
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the chord plane, the slotted-flap configuration exhibits 
appreciable diving moments. Lowering the thrust 
line 10 per cent of the diameter reduced the pitching- 
moment parameter by 0.1, as would have been expected. 
Lowering the thrust axis further will reduce the moments 
even more; however, at 20 to 25 per cent diameter the 
turning begins to suffer. 

Another possible way to reduce the diving moments 
may be to use a large-chord leading-edge slat,’ as 
shown in the two upper sketches. With the slotted- 
flap wing, combining the slat with the lowered thrust 
axis almost trims the moments for the configuration 
shown. The slat is used in a much higher and more 
forward position than is normally thought of for a slat 
and is set at a relatively high angle of attack. The 
moment contribution of the slat, of course, changes with 
slat angle of attack, and this suggests that the slat 
may be used as a longitudinal-control device. 

The top sketch represents a somewhat different 
flap configuration. To give it a name, the forward 
segment is being referred to as a sliding flap.* Some 
of the reasoning used in arriving at this configuration 
may be of interest. The pitching moment can be 
considered as arising from the fact that the resultant 
force is effectively at the center of the deflected slip- 
stream as it leaves the wing. A flap system that 
moves aft as the flaps are extended would tend to 
increase the diving moments. With the slotted-flap 
system that was used here, the lip of the first slot 
was at 57 per cent chord; the flap system did most of 
the job of turning the slipstream aft of this point, which 
might be referred to as the point of first turning. It 
follows, then, that the pitching moments can be 
reduced if the flap system and the point of first turning 
of the slipstream can be moved forward. This at 
first appears to be in conflict with the requirement 
to keep a reasonable amount of the wing “‘fixed’’ for 
structural purposes. The sliding flap was evolve as a 
possible means of meeting both requirements. Ap- 
proximately 50 per cent of the chord is fixed for struc- 
tural purposes. The flap is pivoted on the lower sur- 
face at the 35 per cent chord point and arranged to 
slide up the back of the fixed part on an are with a radius 
of 15 per cent of the chord. In the retracted position, 
the lip of the flap extends forward to the 35 per cent 
chord point. The point of initial turning has been 
moved forward then to the 35 per cent chord point, and, 
as a result, nose-up moments rather than diving mo- 
ments are exhibited for the center-of-gravity positions 
shown. 

There appear, then, to be a number of ways to keep 
the pitching-moment characteristics of a slipstream- 
deflection configuration within reason. 

Two problem areas were mentioned earlier. The 
second of these is the effect of the ground on the turn- 
ing characteristics. This is illustrated briefly in Fig. 
6. With the slotted-flap configuration and the thrust 
axis on the chord plane, a turning angle of about 65° 
and a ratio of resultant force to thrust of 92 per cent 


are obtained out of ground effect. However, as the 


1956 


ground is approached, the data indicated by the dashe 
line indicate first an additional loss in resultant forg 
then a large loss in turning angle, and finally a smaj 
gain in resultant force. A loss of about 20° of turniy 
is indicated.° 

Tuft studies of the flow around the wing indicate 
that near the ground much more of the slipstream wa 
going over the wing than went over the wing out ¢ 
ground effect. Lowering the thrust axis and installing 
a leading-edge slat (center sketch) effectively controllej 
this flow and greatly improved the characteristics 
within ground effect. Out of ground effect, however 
the resultant force was reduced somewhat. 

The configuration using the sliding flap (top sketch 
is the most promising configuration tested to date 
A turning angle of about 70° has been obtained, with, 
loss of only 1 or 2 per cent of the thrust near the ground, 
Also, this configuration was shown in Fig. 5 to have the 
most favorable pitching-moment characteristics. Out 
of ground effect, however, this configuration achieve 
a resultant force to thrust ratio of only about 0.85. 

The discussion up to this point has dealt with the 
characteristics of wing-flap-propeller combinations a 
zero forward speed. It has been shown that the angk 
through which the slipstream can be turned is a func 
tion of flap-chord to propeller-diameter ratio and that 
turning angles of the order of 70° can be achieved. 
The diving moments and the effects of the ground ca 
be controlled effectively by lowering the thrust axis 
adding a large leading-edge slat, and choosing the 
proper flap configuration. We can turn now to the 
problems of propellers for VTO airplanes. 


PROPELLER CHARACTERISTICS 


There are conflicting requirements in the design 
propellers for VTO airplanes. Vertical take-off re 
quires high static thrust capability or a high ratio o 
static thrust to available horsepower. High. static 
thrust capability tends to compromise the cruis 
efficiency. 

Propeller disc loadings have increased continually 
during recent years, especially since the advent of the 
turboprop engine. These increased disc loadings have 
caused appreciable losses in static thrust. In the period 
prior to World War II, static thrust capabilities of 3 
Ibs. per hp. were common. This gradually fell to about 
2'/, Ibs. per hp., which figure is presently used for 
approximate calculation of thrust from available power 
in present-day transport-type airplanes. As dis 
loadings continue to increase, this figure has approached 
2, and, in fact, on one particular turboprop installation 
in which the propeller is of the supersonic type, this 
value has dropped to 1.8 lbs. per hp. 

This, of course, is in the wrong direction as far as 
VTO aircraft are involved. The factors that 
portant in producing a high static thrust can be re 
viewed by an examination of the expression for statit 
thrust 
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where 
T = thrust, lbs. 
D = propeller diameter, ft. 
hp = brake horsepower of the engine 


» = Static thrust efficiency or figure of merit as 
used in helicopter work 


For a given horsepower then, the only way to in- 
crease the static thrust is to increase the diameter and 
the efficiency. At present, a diameter of about 20 ft. 
appears to be a state-of-the-art limit for conventional 
propellers. The efficiency can be maximized by use of 
a lot of camber—that is, high design lift coefficient. 
Also, wide chord blades and as high a tip speed as pos- 
sible without encountering compressibility losses help 
to increase the static thrust capability of the propeller. 


A propeller designed for maximum static thrust capa- 
bility is shown in Fig. 7. This figure shows the de- 
veloped blade plan form for the propeller and the 
blade-form curves. The propeller has a diameter of 
20 ft., a blade chord of 18 in., and a thickness ratio 
variation from 4 to 10 per cent. It has 0.5 design 
lift coefficient, uniformly applied, and has a twist 
distribution for operation at a forward Mach Number 
of 0.7. The summary characteristics of the propeller 
are shown in Fig. 8. 


This propeller, when analyzed on the basis of stand- 
ard methods for calculating static thrust, has a static 
thrust efficiency of 0.78 and, if used with the T-56 
turboprop engine, would provide a static thrust of 
15,100 Ibs. or a disc loading of 4.3 Ibs. per hp. Of 
course, for static operation, the inboard sections 
are mostly stalled due to the applied pitch distribution 
so that the outer portion of the blades is carrying most 
of the load; however, this is probably satisfactory in 
that only low section dynamic pressures are available 
in the inboard regions. The manner of pitch distribu- 
tion application is a subject for further study, and it is 
possible that, for this particular propeller, higher static 
thrust could be provided with a slightly revised pitch 
distribution. The propeller has a cruise efficiency of 
78 per cent at a forward Mach Number of 0.7. 


The weight of the propeller is 950 lbs., using conven- 
tional components. The stresses would be quite low 
due to the low rotational speed of 900 r.p.m., and solid 
dural construction could be used. 


A propeller design for maximum cruise capability 
with this engine is not shown but would, in general, 
correspond to conventional modern propeller practice. 
The diameter would be about 14 ft., and the plan form 
would look much like those of propellers in use today 
on modern transport airplanes, though somewhat 
thinner. The cruise efficiency would be about 89 to 
90 per cent;!° however, the static thrust would be in 
the neighborhood of only 8,800 lbs. If we try to 
design a VTO airplane using these propellers, we find 
that we have an airplane without pay load or range, 
whereas it will be shown later in the paper that the use 
of the propeller designed for maximum static thrust 


will allow us to design an airplane with acceptable 
range and pay load. 

It appears that there is need for further study on 
details of VTO propeller design that would encompass 
possible devices that would provide high thrust such 
as boundary-layer control, flaps, and possibly shrouds. 
At the present time, however, using conventional design 
procedures maximizing static thrust, propellers can be 
designed with sufficient static thrust capability for 
VTO transport airplanes. 


STABILITY AND CONTROL 


Flight tests have been made with the flying models 
shown in Figs. 9 and 10 to study the stability and 
control characteristics of both the tilting-wing and 
deflected slipstream configurations.* “ | For the tilt- 
ing-wing model shown in Fig. 9, the wing and propellers 
rotate to 90° incidence to provide lift for hovering 
flight. With the deflected slipstream model shown in 
Fig. 10, the slipstream of the conventionally mounted 
propellers is deflected downward about 70° by a 65 
per cent chord plain flap and a cascade of auxiliary 
turning vanes above the wing. To perform the transi- 
tion to normal forward flight, the flap is rotated upward 
and the turning vanes are retracted into a slot in the 
wing. The controls of the two models are the same. 
For control in hovering flight, the left and right halves 
of the wing trailing-edge flap are moved back and forth 
together to provide pitch control and differentially to 
provide yaw control. The pitch of the outboard pro- 
pellers is varied differentially to provide roll control. 
In normal forward flight, the wing trailing-edge flaps 
are used as ailerons for roll control and the elevators 
and rudder are used for pitch and yaw control. 


The flight test* * showed that vertical take-offs and 
landings could be performed satisfactorily. Because 
of the ground effect discussed previously, the attitude 
of the model near the ground was about 5° higher than 
in hovering out of ground effect. The main problem 
encountered in take-offs and landings (and in hovering 
flight close to the ground) was that the presence of the 
ground caused an upwash at the horizontal tail which 
caused a strong nose-down moment when the model 
was on or near the ground. The adverse effect of this 
upwash could be eliminated by the use of negative tail 
incidence to align the tail with the direction of the flow 
which was upward at an angle of about 20° to the hori- 
zontal. The angle of this upwash was a function of the 
distance behind the wing and above the ground so 
that the amount of negative incidence required would 
depend on the tail location. 


The stability and control of the models in hovering 
flight were generally satisfactory, except for an ex- 
tremely unstable pitching oscillation. This oscillation 
was more unstable for the deflected slipstream model 
than for the tilting-wing model. It was possible to 
control the models in pitch without the use of artificial 
stabilization, although the use of artificial damping 
in pitch was desirable for the deflected slipstream model. 


— 
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PROPELLER DESIGN CONDITIONS 


HORSEPOWER (SEA LEVEL) 3500 
FORWARD MACH NUMBER 07 
ADVANCE RATIO 23 
ALTITUDE, FT 35000 


PROPELLER CHARACTERISTICS AND PERFORMANCE 


DIAMETER, FT 20 
BLADE WIDTH, FT. 15 
NO. OF BLADES 3 
AIRFOIL SECTIONS 16 SERIES 
DESIGN LIFT COFFICIENT 05 
STATIC THRUST (SEA LEVEL), POUNDS 5,100 
STATIC THRUST FIGURE OF MERIT 78 PERCENT 
EFFCIENCY AT M=0.7 78 PERCENT 


Fic. 8. 


Propeller characteristics. 


Fic. 9. Tilt-wing configuration. 


Fic. 10. Deflected slipstream configuration. 
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It was possible, in fact, to make the pitching oscilla- 
tion of either model completely stable by the use of a 
pitch damper which consisted of a rate gyroscope that 
sensed the pitching velocity and caused the wing trail- 
ing-edge flap to deflect to oppose the pitching velocity. 

To date, only the tilting-wing model has been flown 
in the transition range between hovering and normal 
forward flight.!' It has been possible to make the tran- 
sition successfully, in fact easily, for some conditions. 
The transition flight tests were made by flying the model 
in the Langley full-scale tunnel where the rate at which 
the air speed can be increased or decreased is relatively 
sow. The tests therefore that the 
model could be flown for protracted periods of time at 
any speed in the transition range. 


demonstrated 


Three problems were encountered in the transition 
tests. The most obvious was that the roll and yaw 
controls changed function as the model performed the 
transition. Differential deflection of the wing flaps, 
which provided yaw control in hovering, provided 
roll control in forward flight; and differential changes 
in pitch of the outboard propellers, which provided 
roll control in hovering, caused mainly yawing moments 
in normal forward flight. It was not necessary to use 
a complicated proportional control-mixing device to 
handle this change in the function of the controls. 
At a speed of about 15 m.p.h., the wing flaps were cut 
out of the yaw control system and only the rudder was 
used for yaw control. At a speed of about 30 m.p.h., 
the wing flaps were connected into the roll control 
system to serve as ailerons. It might be desirable to 
cut the propeller pitch control out of the roll control 
circuit at high speeds, but this point was not brought 
out by the model tests since they were not carried to a 
sufficiently low angle of attack. They were carried 
below the power-off stall angle, however. 

Another problem encountered in the transition tests 
was that, with the fuselage approximately horizontal 
and the wing at about 25° angle of attack, the model 
had a relatively lightly damped Dutch-roll oscillation, 
as might have been expected because of the effect of 
the wing incidence in keeping low the inclination of the 
principal longitudinal axis of inertia.'? The Dutch- 
roll oscillation is especially excited by the use of a roll 
control which gives a favorable yawing moment. 
For this reason, use of the wing flaps, as well as the pro- 
peller pitch, for roll control was beneficial. 

The most serious problem encountered in the transi- 
tion tests was a nose-up moment caused by the pro- 
pellers at low speeds where the elevator was not very 
effective. Because of this nose-up moment, the model 
could not exceed a certain extremely low forward 
speed (corresponding to about 70° angle of attack of 
the wing) except with forward locations of the center 
of gravity and wing pivot. Since the center-of-gravity 
range is also limited by the pitching moment available 
for trim in hovering, the allowable center-of-gravity 
range of the model was small. A design feature which 
might greatly reduce the problem of the nose-up mo- 
ments at low forward speed is a configuration in which 


the center of gravity of the wing-nacelle-propeller 
combination is well ahead of the wing pivot. In this 
case, the center of gravity of the airplane would move 
forward as the wing incidence was reduced, instead of 
moving rearward as was the case for the flying model. 

The results of these tests suggest the need for a more 
powerful pitch control, perhaps a jet-reaction control 
at the rear of the airplane, for the hovering and low 
forward speed conditions. The use of some other de- 
vice than the wing flap for pitch control in hovering 
flight would be necessary in any event for a high wing 
configuration since the wing flap would not have any 
appreciable moment arm for producing the large pitch- 
ing moments required for adequate control. 


HYPOTHETICAL VTO AIRPLANE 


The preceding sections of the paper have indicated 
that VTO transport airplanes are feasible from various 
individual considerations. In order to show how the 
features required from various considerations can be 
fitted into the design of a practicable transport air- 
plane, the layout of the hypothetical airplane shown in 
Fig. 11 was made and the performance was calculated. 
This layout is not intended to represent an optimum 
design or even a design for the mission in which a 
VTO transport would find its greatest usefulness. The 
extensive studies required to select an optimum design 
and optimum mission were far beyond the scope of 
this paper. 

The layout was based on the use of the T56 turbo- 
prop engine and the 20-ft.-diameter propeller described 
in the section on propellers. These produce a total 
static thrust, including engine jet thrust, of 63,000 Ibs. 
The propellers are interconnected with gears and shafts 
so as to maintain as much thrust as possible and keep 
the thrust symmetrical in the event of failure of one 
or more engines. The design incorporates a combina- 
tion of wing tilt and slipstream deflection. The reasons 
for this choice will be brought out later. At a design 
gross weight of 60,000 Ibs., the useful load was esti- 
mated at 19,000 Ibs.—10,000 Ibs. of cargo or 45 pas- 
sengers, 500 lbs. for crew, and 8,500 Ibs. of fuel. With 
this fuel, the maximum still-air range at a speed of 
400 knots (0.70 Mach Number) and an altitude of 
40,000 ft. would be about 1,300 nautical miles. Allow- 


NORMAL GROSS WEIGHT 60,000 LB 


EMPTY WEIGHT 41,000 LB 
AR WING AREA 1,000 SQ FT 
SPAN 95 FT 
j PROPELLER DIAMETER 20 FT 
ENGINES (4) ALLISON T56 
\ 3,500 B.H.P 
TAIL ENGINES (2) ROLLS ROYCE SOAR 
= } 1,800 LB T 
Fic. 11. Hypothetical VTO transport. 


n> 
2 
ERIES 
05 
inn 
9,100 
CENT 
‘CENT 


74 AERONAUTICAL ENGINEERING REVIEW—APRIL 


18,000 


16,000 
POWER AVAILABLE 


14,000 
12,000 
10,000 
HP 
8,000 
6,000 + 
4,000 
---- POWER AVAILABLE 
2,000 —— POWER REQUIRED 
1@) 40 80 120 160 200 240 280 320 360 400 
Vv, KTS 
Fic. 12. Horsepower required out of ground effect; sea-level 
standard. 


ing for climb, let-down, and fuel reserve, this should 
give a normal operating range of about 1,000 nautical 
miles. 

Pitch and yaw control in hovering and at low forward 
speeds are provided by two small turbojet engines, 
such as the Rolls-Royce Soar, at the rear of the fuselage 
with vanes to deflect the jet exhaust. Roll control in 
hovering is provided by varying the pitch of the two 
outboard propellers differentially. Conventional aile- 
rons, elevator, and rudder are provided for control 
in normal forward flight, during which time the con- 
trols for hovering flight would not be operating. 

The wing configuration shown was chosen on the 
basis of the power-required curves shown in Fig. 12. 
These curves were calculated for the design gross weight 
of 60,000 lbs. at standard sea-level conditions. The 
tilting-wing arrangement is seen to require the least 
power for vertical take-off, but at low forward speeds 
the power required is much greater than for the other 
two. The deflected slipstream configuration (top 
sketch) requires about 4,000 hp. more than the tilting- 
wing configuration at zero forward speed because of the 
thrust lost in deflecting the slipstream. The power 
required drops off rapidly with forward speed, however, 
and above about 10 knots this configuration requires 
much less power than the tilting-wing configuration. 
Also, these data apply out of ground effect. Within 
ground effect, the power required at zero forward speed 
for the deflected-slipstream configuration would be 
only slightly greater than for the tilting-wing configura- 
tion. If we were considering the design of an STOL 
airplane, a heavily flapped wing such as this would 
probably be the choice. 

The combination of wing tilt and slipstream deflection 
(center sketch) appears to be a good compromise and 
was chosen for the example airplane because its power 
requirements are relatively low throughout the speed 
range. The choice of this configuration for the example 
airplane should not, however, be construed as a blanket 
recommendation. Other considerations such as rela- 
tive weight, complexity, cost, and maintenance prob- 


lems may alter the decision in many instances. 

With the wing configuration chosen, the power 
available exceeds the power required by about 80 
hp. This, combined with the engine jet thrust, pro- 
vides a thrust margin of 5 per cent for take-off ang 
landing at standard sea-level conditions. 

At altitudes up to 6,000 ft. and ambient temperatures 
up to 100°F., water and alcohol injection could be 
used to maintain the power required for vertical take-off 
and landing. Without liquid injection, the vertical 
take-off weight would have to be reduced to 45,000 
Ibs. and useful load would be only 4,000 Ibs. 

The airplane could, of course, be operated under 
high temperatures and altitude conditions without 
liquid injection by allowing it to have some take-off 
and landing run. The power-required curve for the 
extreme conditions of an altitude of 6,000 ft. and 100°F. 
is shown in Fig. 13. Without liquid injection, the total 
power available would be a little over 10,000 hp., and 
the minimum speed of the airplane would be about 
30 knots. The speed for minimum take-off distance 
over a 50-ft. obstacle would be somewhat higher, 
however, and would correspond to point A or about 
40 knots. Similarly, the speed for minimum landing 
distance over the same obstacle would be at point B or 
about 48 knots. There is serious doubt, however, about 
the feasibility of operating far up on the back part of 
the power-required curve. Because of the steepness 
of the curve, sudden wind shifts would require large 
changes in power settings. We may possibly even run 
out of available power. For this reason, it may be 
found necessary to operate farther down on the curve, 
such as at point C. 

The consequence of this on the landing and take-off 
distances is shown in Fig. 14. The minimum take-off 
distance is about 400 ft. and is obtained at 40 knots. 
If we must operate at point C, however, the take-off 
distance is increased to 1,100 ft. The minimum landing 
distance is 800 ft. at 48 knots, and operating at point 
C would increase this to 1,250 ft. In this case, operat- 
ing at the higher speed is not too severe because, for 
this wing configuration, even the minimum landing 
distance is rather long. 


14,000 F POWER REQUIRED 


12,000 + f 
POWER AVAILABLE 


10,000 / 
HP 8,000} 
A 
6,000 + 
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2,000 + 
1 1 i 1 L 
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V,KTS 
Fic. 13. Horsepower required at 6,000 ft. altitude, 100°F. 
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Note that the minimum landing distance is twice 
the minimum take-off distance. This serves to illus- 
trate that the landing problem is probably the critical 
one for STOL or overloaded VTO airplanes. The 
reason is indicated in the flat approach shown for this 
landing speed. As the speed is reduced, the airplane 
depends more and more on the propeller slipstream 
for lift. To get the slipstream, we need thrust which 
counteracts the drag and results in a flat approach. 
If the angle of attack is increased to overcome this 
effect, the wing stalls. Control of this wing stall at 
high powers, low speeds, and high angles of attack 
(perhaps by use of slats or boundary-layer control) 
may be necessary in order to obtain short landing 
distances. 

These calculations, of course, assume constant veloc- 
ity in the approach and flair. It would be possible to 
make a level approach to the obstacle at some low 
speed and then reduce power. The airplane would 
drop and pick up speed, the descent would have to be 
arrested with power, but the landing distance would 
probably be shorter than those shown. We are, how- 
ever, again confronted with the problem of how far up 
the back part of the power-required curve we can op- 
erate. 

These problems (operating on the back of the power- 
required curves and flat landing approaches) are two 
of those associated with STOL or overloaded VTO 
airplanes which need considerably more study, and 
it may be that they will have to await actual flight-test 
experience with flying mock-ups of these aircraft in 
order to arrive at the final answers. 

How the performance and operating costs of the 
example vertical take-off transport design compare 
with those of conventional airplanes and how much 
the vertical take-off and landing feature is worth to 
various types of operators are questions beyond the 
scope of the present paper. A brief check, however, 
has indicated that a conventional airplane designed for 
the same load, speed, and range as the example vertical 
take-off transport would weigh only about 75 per cent 
as much and require only half as much power. No 
attempt has been made to determine whether or not, 
or under what circumstances, the vertical take-off 
features are worth the greater initial cost and greater 
operating costs. The main point that can be made at 
present is that vertical take-off transport airplanes 
with a useful degree of performance can be designed 
and built at the present state of the art. 


CONCLUSIONS 


This paper has summarized some of the recent NACA 
work on vertical take-off transport airplanes. 

It has been shown that the principle of redirecting 
the slipstream can be used and that slipstream angles 
of the order of 70° can be obtained. Also, the diving 
moments and the effects of the ground on these con- 
figurations can be controlled by proper choice of con- 
figuration. 


TAKE-OFF DISTANCE 


A 
40 KTS V,=80 KTS 
400 FT — > 
— 1,100 FT 
LANDING DISTANCE 
Cc B 
KTS 48 KTS 
a 
| - 800 FT 
< — 1250 FT- 
Fic. 14. Take-off and landing distance, 6,000 ft. altitude, 100°F. 


The factors involved in the design of propellers to 
provide high static thrust have been reviewed, and it 
has been pointed out that large diameter, considerable 
blade camber, and blade width are required to obtain 
high static thrust. 

The stability and control characteristics of these air- 
planes have been examined, and it has been shown that 
airplanes of this type can be flown without artificial 
stabilization. Various forms of instability may exist 
in some conditions, however, and may make the use 
of some degree of automatic stabilization desirable. 

The design of an example airplane indicates that 
VTO transport airplanes with a useful degree of per- 
formance can be designed and built at the present state 
of the art. 
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A quality control program that 
affords detection of defective 
materials and verification of 
materials properties by the use of 
radiography, ultrasonics, and the 
spectrometer, metals comparator, 

magnatest, and magnegage. 


W. J. Maloney, Jr.7 
Fairchild Aircraft Division 


The Application of Nondestructive Testing by a Manufacturer of 
Military Aircraft* 


INTRODUCTION 


NONDESTRUCTIVE TESTING, no modern- 
day production can be accomplished. This 
is inherent in the word “nondestructive.”’ It is im- 
mediately apparent that if you destroy everything you 
make, you produce nothing, and you either fail finan- 
cially or become purely a research organization. It is 
also true that to do no inspection at all is to be non- 
destructive, but everyone will agree that quality con- 
trol in aircraft manufacturing is necessary. Fairchild 
Aircraft Division builds cargo aircraft for the military 
services, and, because we have delivered over 1,200 of 
these aircraft made up of an average of 22,000 separate 
parts (excluding radio, engines, propellers, and fasteners 
such as rivets, bolts, etc.), we must be using nondes- 
tructive test methods and equipment. 

In most air-frame companies, inspectors are con- 
sidered nonproductive employees or overhead because 
they do not physically produce anything. Even 
quality must be built in—it cannot be inspected into a 
product. Since it is an overhead cost, every effort 
must be made to balance maximum quality control 
with minimum costs. This is done by the use of many 
types of inspection “‘tools,”” some of which are statistical 
sampling, vendors’ ratings, production-type inspection 
gages, and nondestructive test methods and equipment. 
While these tools are available, the decision as to when 
to use them and to what degree, or when not to use 
them, is the really important item in any application of 
quality control. For example, no air-frame contractor 
would radiograph every part in an airplane, nor would 
he totally disregard the radiographic process and not 
use it at all. 


TYPICAL MILITARY REQUIREMENTS 


In many cases, military procurement and com- 


mercial procurement differ. It is often said that 
* Presented as part of the Nondestructive Testing Program, 
National Metals Congress meeting, Philadelphia, Oct. 18, 1955. 


} Assistant Chief Inspector. 
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military air-frame manufacturers build and inspect to 
Government specifications, whereas commercial air- 
frame manufacturers build and inspect to meet com- 
petition. While this may be true in theory, in practice 
we find that few companies today produce only com- 
mercial aircraft to commercial standards; in keeping 
with the single-quality theory, only one quality control 
level is established, and therefore military specifications 
dictate our requirements. 

These Government specifications contain such re- 
quirements as: 

(1) ARCDMS0-1, Homogeneity—‘“‘the physical and 
chemical properties must be consistent.” 

(2) MIL-H-6857—“The routine operation of the 
equipment and heat-treating procedure shall be judged 
by the physical properties obtained .. .”’ and “‘. . . shall 
be applied in a manner that will produce the utmost 
uniformity.” 

(3) MIL-H-6875A—‘Unless otherwise specified by 
the prime contractor and the procuring activity, the 
mechanical properties indicated on drawings, detail 
metal specifications, or other applicable specifications 
shall be met in all cases.”’ 

‘The equipment, methods, and processes used by the 
contractor shall be subject to the approval of the au- 
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thorized Government representative at the facility and 
the prime contractor.” 

(4) QA-A-277 (7075 Al. Alloy Bars, Rods, and Ex- 
trided Shapes)—‘‘The bars, rods, and shapes shall be 
uniform in quality and condition, clean, sound, smooth, 
and free from hard spots, pipes, laps, cracks, kinks, 
seams, damaged ends, and other injurious defects within 
limits consistent with best commercial practice.”’ 

“Each bar, rod, and shape shall be carefully examined 
to determine conformance with the specification with 
respect to workmanship.” 

(5) QQ-A-367, Aluminum-Alloy Forgings Heat 
Treated—‘‘The forgings shall be of uniform quality and 
condition, free from blisters, fins, seams, laps, segrega- 
tions, or other injurious defects.” 

(6) QQ-A-601la (Aluminum-Base Alloys; Sand Cast- 
ings)‘‘Castings shall be of uniform quality and con- 
dition, free from injurious blowholes, porosity, hard 
spots, shrinkage, cracks, and other injurious de- 
fects... 

“Each casting shall be carefully examined to deter- 
mine conformance with this specification with respect 
to workmanship.’ 

A review of the above typical military requirements 
will show a recurring use of such terms as ‘“‘free from,”’ 
“uniform in properties,’’ ‘injurious defects,”’ “‘approval 
of the Government representative,’ and “‘each piece 
shall be.’’ It is believed that many of these restrictive 
requirements are the result of a lack of knowledge of 
the effect of varying degrees and types of defects on the 
serviceability of parts. Because designers, engineers, 
and materials personnel do not know if a porous con- 
dition will reduce the mechanical properties by any 
given amount and, therefore, can be considered in the 
design or evaluation of parts, they make the require- 
ments such that no defects can be present and each part 
must be inspected to determine that it is 
from’’ defects. 


“free 


It is to meet these military design requirements that 
manufacturers constantly review basic physics prin- 
ciples in order to adopt them to equipment for the 
verification of material properties and the detection of 
defects or nonhomogeneous conditions. This has been 
done by Government agencies and—either directly or 
on contract—by research institutions, air-frame manu- 
facturers, equipment manufacturers, and other allied 
industries. As the result of this research, many instru- 
ments and processes have evolved which have applica- 
tions to most of our problems, at least in theory. The 
general trend is now toward automatic and semiauto- 
matic equipment not only to produce the parts but also 
to inspect them, thereby eliminating or reducing the 
human element of error. The equipment being de- 
veloped must of necessity be simple of operation, 
versatile, easy to maintain, and dependable. Ac- 
curacy, ability to reproduce results, and sensitivity 
are of prime importance, as is the availability of test 
results to prove these features so that each user need 
not expend man-hours and materials on independent 
development programs. At the present stage of 
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development, we can find the defects and measure them 
in some relative terms, but our big problem now is the 
evaluation of the reduction in properties and service 
life caused by these defects. 

In general, we classify nondestructive testing into 
two major fields—material defects and material 
Both are equally important when it is 
realized that a part can fail just as easily because of im- 
proper mechanical properties as because of a defect. 
At Fairchild Aircraft we use a great array of nonde- 
structive tools, and a discussion of these methods and a 
review of our applications may show some that are 
unique but also many that are used by most military 
air-frame manufacturers. 


properties. 


MATERIAL DEFECTS 


Material defects are simply defined as discontin- 
uities in the material which could serve as stress risers 
affecting the serviceability and quality of the part. 
They are normally detected by one or more of the follow- 
ing: 


Radiography 


Radiographic inspection is employed for the detec- 
tion of internal defects, especially with light-metal 
castings fabricated from the aluminum and magnesium 
alloys. Analysis of a modern cargo aircraft—such as 
the C-119 Packet manufactured by Fairchild and now 
used extensively in the Far Eastern and European 
theaters of operations—shows that, of a total of 1,947 
castings used per airplane, 1,537 are aluminum alloy, 
368 are magnesium alloy, and 69 are steel. Of the 
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1,947 castings, 184 are actually radiographed; but, to 
provide overall coverage with maximum sensitivity, 
from one to seven different shots are made of each 
casting. To handle this workload, a General Electric 
OX-140 kv. semiautomatic radiographic unit and a 
Pako Filmachine Developing unit are used. Located 
between the receiving and the stores areas, this equip- 
ment, shown in Figs. 1 and 2, can handle one film per 
minute, and since installation it has been possible to: 

(a) Eliminate a second shift operation of approx- 
imately 80 man-hours per week. 

(b) Increase tube time by approximately 50 per 
cent per 8-hour shift. 

(c) Reduce in-work time from receiving to stores by 
20 per cent. 

(d) Institute a research and development program 
using the old lead lined room and OX-220 kv. unit re- 
leased from production operations. 

As is typical of most processes used in military air- 
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frame construction, the equipment required certifica- 
tions by Air Force inspection personnel prior to use on 
air-frame work. During 1954, a total of 237,440 cast- 
ings was received which required radiographic control, 
and of these, 77,884, or 32.7 per cent, were actually 
X-rayed. Of these, 8,549 pieces were rejected, and this 
rejection represents 3.60 per cent of the total receipts of 
castings. The radiographic material (film, developer, 
etc.) costs an average of 0.403 per unit X-rayed, with 
a labor cost of 0.149 per unit X-rayed. 
full analysis for the past 18 months. 
Fluoroscopic equipment as shown in Figs. 4 and 5 is 
currently being evaluated. 


Fig. 3 shows a 


Penetrant Inspection 


Based on the theory that, normally, significant types 
of defects will show up in the areas of gréatest stress 
during manufacture and service and that these areas 
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are the outer surfaces of the part, it becomes important 
to inspect these surfaces for defects. Again, normally, 
this would involve only an unaided visual inspection, but 
experience has shown that too many human errors 
creep in when an inspector is asked to do such a simple 
operation as “‘visual inspection.’’ Unless complicated 
equipment is involved with a certain amount of mys- 
tery, the operation just does not seem important. It is 
often said that, if we provided our inspectors with a large 
black booth equipped with three 150-watt white light 
bulbs located behind frosted glass to hide their name and 
wattage and called it an “‘Inspectoscope’’ that used 
“yitrared sonic light waves”’ to reveal defects and ‘“‘certi- 
fied’ the inspectors, we would find most defective parts. 
Because this is impractical, we use penetrant inspection 
methods to accentuate defects and aid our visual in- 
spection. 

(a) Fluorescent penetrant inspection is used almost 
exclusively at Fairchild in the receiving inspection area. 
Equipment is located near the radiographic equipment 
because of new military requirements (MIL-C-6021A) 
requiring penetrant inspection on all Class IA castings. 
Some few selected aluminum forgings are also FP in- 
spected upon receipt, but our experience has shown that 
forgings from reputable companies do not contain sur- 
face defects in such quantity that large machining costs 
are lost when these defects are subsequently found after 
machining. Other types of penetrant inspection are, 
of course, used after machining. A system of in- 
dividual part standards has been established which 
closely resembles that used for area stress marking of 


casting blueprints. These standards—as well as all 
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other details, equipment, personnel, etc.—are approved 
by the Government representative and are under his 
surveillance. 

(b) Dye penetrant methods are currently used only 
on detail parts that have been assembled and where 
disassembly would involve extensive rework to permit 
inspection by other methods and on local cold-worked 
areas of parts too large for other existing equipment. 
This is a brush or spray application that follows stand- ' 
ard procedures. Current changes being planned in 
anodic processing as noted below will, however, make 
dye penetrant the principal surface defect method in use 
at Fairchild in the near future. 

(c) Anodic inspection or inspection for defects 
after anodizing is considered by Fairchild as a pene- 
trant method of inspection meeting all requirements of 
Government Specification MIL-I-6866A, and its use is 
authorized by MIL-I-6870 for forged aluminum-alloy 
parts. It is the most economical method because one 
process serves two purposes—namely, the corrosion pro- 
tection of the part and also the basis for inspection of 
defects. 

Laboratory tests have shown that it is equal in value 
to fluorescent and dye penetrant methods for significant 
defects. While the latter methods will pick up some 
types of indication more readily than anodic irspection, 
analysis shows that these are only nonrelevant types 
acceptable in all cases on Fairchild-designed parts. 
This is further proved by almost 13 years of operation 
wherein no part has ever failed because of a defect that 
should or could have been detected. 

As a result of processing savings involved in the use 
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of chemical films compared to anodic treatment for 
corrosion protection, Fairchild is currently installing a 
large production setup for the use of dye penetrant in- 
spection to replace anodic inspection. It is well known 
that chemical films do not provide a basis for defect 
detection as do anodic films. All wrought nonferrous 
parts, except sheet metal parts, will be inspected by 
this tank setup after manufacture but before processing. 


Magnetic Particle Inspection 


Magnetic particle inspection is to ferrous materials 
what penetrant inspection is to nonferrous materials, 
except that some discontinuities that are slightly sub- 
surface may be resolved. This inspection process was 
one of the first for which military specifications were 
written and which required AF certification of equip- 
ment, methods, and personnel. It is also one that has 
caused much adverse comment in the past as to the 
necessity for the control, especially when the air-frame 
manufacturer is still responsible for the end product 
regardless of what degree or type of inspection medium 
is used and regardless of the presence of military con- 
trols or Government inspection. Much of this has now 
been corrected with the release of MIL-I-6S70A, and 
Fairchild currently uses seven magnetic particle ma- 
chines with which to meet the requirements of this speci- 
fication. These are located in the usual places, such 
as receiving inspection, the heat-treat area, and detail 
inspection areas. 

Lists of parts to be inspected for each model of air- 
craft are prepared by quality control laboratory per- 
sonnel by surveying all blueprints for ferrous parts or 
assemblies, and these lists are used by Planning to route 
the parts to magnetic inspection on work orders. As 
with other modern defect detection methods, the finding 
of the defect is easy, but the difficult thing is to deter- 
mine what to do with the defective part. Until re- 
cently, magnetic particle inspectors at Fairchild re- 
jected for review ail parts containing any discontinuity 
regardless of how small or large. Quality control lab- 
oratory personnel, previously certified as magnetic 
particle supervisors, reviewed each rejected part and, 
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based on metallurgical experience and knowledge, dis. 
positioned the final rework or acceptance of the part, 
Recently, we have adopted a system that will provide 
the inspector with detail part standards that consist of 
drawings marked to show defects permitted by definj- 
tive areas. 


Ultrasonics 


Just as many people these days wrongly interpret 
statistical sampling to be the main item in quality con- 
trol, they also wrongly interpret the use of ultrasonics 
to be the main item in nondestructive testing. In 
reality, it is merely another tool to do but one of the 
jobs of quality control and has its distinct limitations 
and applications. Its use has brought on many prob- 
lems—mainly, that of now finding conditions in mate- 
rials which probably always existed in the past and which 
we unknowingly accepted but now, knowingly, are 
forced either to accept or reject. We are torn between 
our experience records on similar materials which do 
not reveal cases where these previously unfound defects 
have been proved to have caused failures and our 
theoretical knowledge (or lack thereof) as to what could 
happen. In this respect, the equipment development 
in ultrasonics has far outstripped the design evaluation 
of what the equipment reveals. An extensive amount 
of correlation is now being conducted, and practically 
every professional society and organization has active 
committees or projects on ultrasonics, including the 
Society for Nondestructive Testing, Aircraft Research 
& Testing Committee, Inspection Committee of Aircraft 
Industries Association, American Society for Testing 
Materials, Aluminum Company of America, Kaiser 
Metal Products, Inc., Society of Automotive Engineers, 
the military, etc. Much data have been published or 
made available on an exchange basis, but the correlation 
leaves much to be desired because of 
equipment, standards, and techniques. 

It is for the above reason that Fairchild is “‘going 
slow” on ultrasonics. We do have two contact scan- 
ning units used for receiving control of steel and 
aluminum hand-forged billets and for large extrusions, 
and, from what we can gather, our experience parallels 
that of other air-frame manufacturers. The military 
services are apparently also ‘‘going slow”’ in that they 
have not issued any specifications or requirements 
other than a general reference in MIL-I-6870A requiring 
approval of contractor specifications. 

Submerged ultrasonic testing is being evaluated at 
our plant on a laboratory basis using the equipment 
shown in Fig. 6. This equipment is also being used for 
special investigations and operator training during 
preparation of procedures and standards. 


differences in 


Mechanical Impedance 


No inspector is fully satisfied when he has to use 
separately fabricated test coupons to evaluate a part. 
But some processes do not lend themselves to any other 
type of control. One of these is structurally cementing 
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metal to metal where the detection of voids, low 
strength bonds, lack of total adhesion, etc., in the parts 
themselves has been extremely difficult, if not impos- 
sible, up to now. 
contract with Wright Air Development Center, has 
developed and is now evaluating a mechanical im- 
pedance tester, details of which are covered by WADC 
Technical Report No. 54-231. This is one of the newest 
of the nondestructive test methods, and, while known to 
be used by only one air-frame manufacturer, its po- 
tential is such that all manufacturers of military air- 
craft may soon expect a specification requirement re- 
garding this testing. The ARTC Western Region held 
a specialists meeting on this tester in early 1955 and 
has set up a panel for its further evaluation. 


Stanford Research Institute, under 


MATERIAL PROPERTIES 


Material properties are defined as the design values 
to be met by the material, such as chemical composi- 
tion; ultimate, yield, and per cent elongation; fatigue 
strength, etc. 
following : 


They are verified by one or more of the 


Spectrometer 

Fairchild Aircraft, in its production of C-119 Flying 
Boxcars, uses a great variety of metallic materials in 
many forms. Typical of these are aluminum alloys, 
magnesium alloys, carbon steels, corrosion-resistant 
steels, and copper-base alloys. These materials are 
further procured in sheet, plate, tubing, billet, bar and 
rod, cast, forged, and practically every other shape 
available, as well as in fabricated parts, such as bolts, 
nuts, bushings, stampings, etc. Because the results of 
processing this material into individual parts are de- 
pendent to a great extent upon the chemical composi- 
tion of the material, it is essential that this be deter- 
mined before the material is processed. Our experi- 
ence has shown that test reports received with the 
material contain errors that cannot be accepted and 
that it is essential that all material be sampled or 100 
per cent inspected upon receipt before it is color coded 
and stocked. This created a great volume of wet 
chemical laboratory analysis, and the length of time 
involved in analysis extended the time between receipt 
of materials and final stocking to a degree not accept- 
able with modern high production schedules. 

To solve this problem without reducing the degree of 
receiving inspection, Fairchild laboratory personnel 
visited Baird Associates in 1952 and were assured that, 
although most Direct Readers were used for one or two 
materials only and were used primarily by mills and 
foundries, they would engineer one to cover eight or 
more elements in each of five materials, using simple 
switchover from one to the other without requiring re- 
standardization. Fairchild received its instrument in 
June, 1952, and since that time has reassigned two 
chemists to other laboratory work while reducing the 
analysis time by 1,300 per cent and increasing the 
quantity of analysis by 300 per cent. 


Raw material is received, and, dependent on the type 
and form, samples are cut in accordance with estab- 
This 
sample is forwarded to the materials laboratory where 
it is used for determining the metallurgical and me- 
chanical properties, as well as the chemical composition. 
Since the Direct Reader does not destroy the sample, the 
same material is used for all tests, thereby reducing the 
material loss due to sampling and also ensuring more 
complete coordination of test results. Electronic 
metal comparators are subsequently used to verify the 
uniformity of the lot received using the sampled piece 
as a Standard. 


lished procedures relative to quantity and size. 


In addition to elimination of all overtime operations, 
it has been possible to complete several special investi- 
gations that would have been impractical due to the 
great quantity of wet analyses required and man-hours 
involved. Because the reduction in chemical analysis 
time reduced the overall laboratory report time, it was 
possible to revise the sampling plan to include more types 
and alloys and larger quantities to ensure closer air- 
craft material control. As an example, small forgings 
were previously destroyed to obtain chips for chemical 
analysis when mixed alloy receipts were received. Now 
the entire lot can be analyzed with special adapters on 
a Petri stand without destruction, thereby saving the 
cost of the forging. Analyses are made to verify that 
the material purchased to Government specifications 
actually conforms to the specifications. Because of 
the simplicity of operation and reliability of the instru- 
ment (shown in Fig. 7) after Baird personnel made 
final adjustments, it was possible to train an existing 
chemist in the practices and methods required in the 
operation and maintenance of the instrument. The 
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one remaining problem is in obtaining alloy standards 
to extend the range of the curves for individual ele 
ments. 


Metals Comparator 


Used in conjunction with the spectrometer, the Gen- 
eral Electric metals comparator is used to provide a 
100 per cent inspection for uniformity of lot on all 
steel bar and tubing received. Too often when tubing 
is ordered from warehouses, one or two lengths will be 
of some alien alloy, and even a tight sampling plan will 
miss them. Previously, it was necessary to cut a s:nall 
sample from each bar or tube in the lot and submit it to 
the laboratory for chemical and hardenability tests. 
The amount of testing and time involved was tre- 
mendous but necessary until we conducted extensive 
laboratory tests on the General Electric metals compara- 
tor in 1952 which proved that the effect of military 
Specification tolerances on alloy composition, thick- 
ness, heat-treat conditions, etc., were negligible for any 
one alloy. We now select one length from each lot, 
standardize the instrument on that piece, and compare 
all other lengths in the lot to the selected pieces. A 


sample from only the selected length is forwarded for 
spectrographic and metallurgical analysis. This in- 
strument is actually one of the key nondestructive in- 
struments in our receiving inspection giving the quality 
assurance required by the military services. 


Magnatest 


Fairchild procured a Model FM-100 magnatest in 
early 1953 when we were met with the problem of in- 
specting a complete termination storeroom of parts and 
assemblies in all stages of fabrication from another 
manufacturer. It was imperative that we determine 
that all 7075S parts were actually 7075S alloy and in 
the heat-treated and fully aged condition. Parts in- 
stalled in major assemblies were our first problem, so 
laboratory tests were conducted on possible combina- 
tions and variations of alloys, conditions, and _ thick- 
nesses using the FM-100 as a comparator. Results for 
two typical alloys are shown in Fig. 8. Different con- 
ductivity and sensitivity settings can subsequently be 
used to separate 7075ST4 and 24ST as a second opera- 
tion. 


Fig. 9 shows the results of laboratory tests on 20145 
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| 
54— 2014 ALLOY 
Sample | - Heat 1 piece at 660°+ 10° for 1 1/2 hours. Air cool. 
50 | Sample 2 - Heat } piece at 660°+ 10° for 1 1/2 hours. Quench in water 
sie a j Sample 3 - Heat | piece at 660°+ 10° for 1 1/2 hours. Quench in water. 
| Age at 350° for 8 hours. 
| Sample 4 Heat | piece at 775° * 25° for 2 hours. Cool in furnace to 
46— $09°. Cool in air to room temperature. 
> | Sample 5 - Heat ! piece at 775° + 25° for 2 hours. Cool in furnace to 
2 | 500°. Cool in air ta room temperature. Age for 8 hours 
g | at 350° 
2 —— | Sample 6 - Heat I piece at 940°* 10° for 1/4 hour. Quench in water. 
8 Sample 7 - Heat piece at 940° + 10° for 1/4 hour. Quench in water. 
Age for 2 hours at 350°. 
e 36— Acceptoble Sample 8 - Heat 1 piece at 940° + 10° for 1/4 hour. Quench in water 
Age for 8 hours at 350°. 
Sample 9 - Heat 1 piece at 940°+ 10° for 1/2 hour. Quench in water. 
' Sample 10 - Heat | piece at 940° + 10° for 142 hour. Quench in water. 
34— Age 2 hours at 350°. : 
Sample 11 - Heat 1 piece at 940° + 10° for 1/2 hour. Quench in water. 
Age 8 hours at 350°. 
— Sample 12 - Heat 1 piece at 940° + 10° for 2 1/2 hours. Quench in water. 
Sample 13 - Heat 1 piece at,940°+ 10° for 2 1/2 hours. Quench in water. 
Age 2 hours at 350°. 
Sample 14 - Heat i piece at 940° + 10° for 2 1/2 hours. Quench in water. 
ample - received in 2014S5-T6 condition. 
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alloy that was deliberately misheat-treated to produce 
low yield but high ultimate tensile values. Normal 
Rockwell tests will not detect all‘the defectives, whereas 
the magnatest unit did. This has led to such ap- 
plications as detecting local ‘‘soft’’ spots in long extru- 
sions and a possibility of eliminating our current heat- 
treat control of 7075 by the use of separate tensile 
coupons. The parts themselves may be tested, as- 
suring a closer type of quality control. 


Magnegage 


Up to the development of magnetic-type plating 
gages, Fairchild and other military air-frame manufac- 
turers were forced to run thickness tests on a measure- 
strip-measure basis of a sample of parts. While this 
destructive type of test was applicable to plating con- 
trol where stripped parts could be replated, it was not 
adaptable to checking purchased parts or subcontract 
parts in a receiving area. Magnegage-type instru- 


ments, which are now almost universally used, permit 
the checking of almost any part for any type of plating 
in any stage of manufacture or inspection. It is truly 
nondestructive in nature, even though we are prone to 
overlook it in current conversations dominated by more 
glamorous equipment. 


Hardness Testers 


The role played by hardness testers in the quality 
control of aircraft parts is too often overlooked, prob- 
ably because they are so basic to our inspection opera- 
tions. We do not normally think of a Rockwell or 
Brinnell tester as a nondestructive test instrument, 
until we realize that we are determining that specifica- 
tion ultimate tensile values are met without deter- 
mining the tensile values directly by a tensile test. 
The general acceptance of the hardness tests by man- 
ufacturers has led to the development and use of a great 
variety of hardness testers, including Barcol, Webster. 
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Ames, Knoop, Vickers, Rockwell, Brinnell, and others 
based on the indentation principle, and most of which 
are used by Fairchild. Production schedules require 
the use of automatic hardness certifiers shown in 
Fig. 10 which are an adaption of a Barcol tester. Fair- 
child did much development work on this unit with the 
manufacturer. With the increased emphasis on high- 
strength aluminum alloys where the aging treatment 
increases the yield strength without too much effect on 
the ultimate strength, the use of hardness testers as we 


currently use them must be re-evaluated. Reference to 


Fig. 9 on 2014S will show the possible error if we con. 
sider hardness tests alone to be the criteria on materials 
properties. One of the points frequently overlooked js 
that currently used Rockwell conversion charts (read- 
ings vs. tensile strength) are based on steel research and 
are known to be inaccurate for other metals, such as 
brass, aluminum, and magnesium, even though we use 
them because we have nothing else. 


CONCLUSION 


This paper is not intended to provide a complete 
glossary of equipment, but it can be seen that we have 
a great array of nondestructive equipment and methods, 
many of which are new and for which we have yet to 
find the applications and limitations. These are the 
shining stars in our present and future, but we must 
not forget that, with the growing use of new materials 
and processes, it is extremely important that we peri- 
odically review our older nondestructive equipment and 
methods to see that their original limitations do not 
““falsify”’ results when used with new applications and 
materials. Fairchild Aircraft has a constant program 
of quality control laboratory testing and evaluations 
aimed at supplying inspectors with the best equipment 
available to do their jobs, which is to provide quality 
assurance to our principal customers—the military 
services. The intelligent, economic application of these 
nondestructive “‘tools” is one of the great jobs of any 
quality control program. 


Silencing the Jet Aircraft 


(Cont 


for a given noise level all increase with increasing noise 
reduction. 

The ultimate compromise for any particular airplane 
will be dependent on time, economics, and the continued 


regions, and the reduction in aft cabin soundproofing 


inued from page 63) 


technical improvements in noise suppression. One 
thing is certain from the results of the program so far— 
we can make significant reductions in the noise from 
jet aircraft without serious penalty to the aircraft per- 
formance. 


Problems in the Design of Propeller-Driven 
Vertical Take-Off Transport Airplanes 


Cont 


®Kuhn, Richard E., Investigation of the Effects of Ground 
Proximity and Propeller Position on the Effectiveness of a Wing 
with Large-Chord Slotted Flaps in Redirecting Propeller Slip 
stream Downward for Vertical Take-Off, NACA prospective TN 

1 Hammack, Jerome B., Flight Investigation in Climb and ai 
High Speed of a Two-Blade and a Three-Blade Propeller, NACA 
TN 1784, 1949. 
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NLovell, Powell M., Jr., and Parlett, Lysle P., Transition 
Flight Tests of a Model of a Transport Vertical Take-Off Airplane 
with Tilting Wing and Propellers, NACA proposed TN. 

12 McKinney, Marion O., Jr., and Drake, Hubert M., Correla- 
tion of Experimental and Calculated Effects of Product of Inertia 
on Lateral Stability, NACA TN 1370, 1947. 
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GUEST EDITORIAL 85 


America's Capacity to Maintain Technological Leadership 


(Continued from page 41) 


If engineering education is to meet this challenge and 
reverse or even retard the spreading scarcity of quality 
in engineering schools that has weakened science teach- 
ingin high schools, it must find a way to make engineer- 
ing schools a more attractive environment for top- 
fight engineers. 

The success of engineering education in attracting and 
holding more first-rate teachers will depend mainly upon 
accelerating the development of more and stronger 
graduate programs. The graduate school and the 
research associated with it can provide engineer- 
teachers with the opportunities for professional activi- 
ties and for growth as engineers which they now find 
chiefly in practice outside of educational institutions. 
In those engineering institutions where strong graduate 
schools exist and where there is a fruitful alliance with 
basic science, an environment satisfying to first-rate 
engineers has been better achieved. 

While qualified Bachelor's degree recipients in engi- 
neering frequently go on for graduate study in other 
fields such as the physical sciences and management, 
the amount of advanced study in engineering still 
seems small compared to the advanced study required 
by law and medicine. The degrees are, of course, not 
comparable, but it is nevertheless of some significance 
that in 1953-1954 the number of advanced degrees in 
engineering, both Master’s and Doctor’s, totalled about 
4,800 (of this total, only 594 were Doctorates) as 
reported by the U.S. Office of Education, while the 
total of M.D.’s and LL.B.’s was 6,757 and 9,898 
respectively. Without dwelling on the impropriety of 
comparing apples and doughnuts, the implication is 
clear that the demands placed by our society on the 
engineering profession and on engineering education 
grow steadily greater and require advanced education 
more comparable to that in other professions. 

There is also a growing conviction that the engineer- 
ing curriculum must include a larger content of basic 
science, less traditional compartmentalization, and 
more emphasis on systems engineering and on such 
fundamental functional aspects of engineering as mate- 
rials, thermodynamics, fluid flow, and energy conversion. 
The trend seems to lead toward a more generalized 
curriculum for all fields of engineering, with specializa- 
tion deferred even to the graduate years or to the in- 
service training programs given by industry itself. 
Industry, acutely aware of its needs for engineers 
of more depth, power, and versatility, is encouraging 
these trends. Together, these new goals seem to 
forecast an increasing number of institutions dedicated 
to programs of high quality—programs that are less 
vocational and specialized at the undergraduate level 
and fundamental enough in their basic science and 
advanced enough in their mathematics and humani- 
ties to educate a new breed of engineer more adaptable 
to our advancing technology. 


(3) The next plank in a platform for ensuring a 
flourishing technology calls for more attention to long- 
term objectives. There seems to be general agreement 
that we need a better balance between basic research 
and development—between fundamental ideas and 
hardware—and we are making only slow headway in 
achieving this better balance. Even though the 
President, the Hoover Commission, and other influential 
voices have emphasized the need for basic research, only 
about 7 per cent of the Government’s research and de- 
velopment funds are allocated to this. According to a 
recent National Science Foundation study, only 2.4 per 
cent of the total research and development expenditures 
of the aircraft industry go for basic research, compared 
to 4 per cent for all industry and 10.5 per cent for the 
chemical industry. Along with the electrical equip- 
ment industry, the aircraft industry far exceeds all 
other industrial groups in the total expended for 
research and development. Nevertheless, it spends for 
basic research a smaller percentage of its total research 
and development budget than the average percentage 
for all industries. 7 

I am fully aware that there are unavoidable 
reasons for this, but I respectfully suggest that, in an 
industry so dependent upon innovation and sophisti- 
cated technology and so receptive to new ideas, this 
imbalance should be a temporary one. 

(4) We need better to protect and enhance the 
status of the scientist and engineer in our society. 
This is more than a matter of compensation, important 
as that may be; it is a matter of status and relative 
prestige in the array of professions. Too often now we 
find an attitude of antagonism toward scientists. The 
old cliché about the expert—that he should be on tap 
but not on top—is frequently applied in public circles 
to the scientist. Only rarely do we hear it said of the 
lawyer, banker, economist, or production expert— 
specialists all. I do not imply that the scientist has 
any right or unique qualifications to be on top. I am 
disturbed by the attitude that, because a man is a 
scientist, he is disqualified for public or private policy- 
making responsibility even though he may have the 
qualifications. We have multiplying examples in in- 
dustry of the engineer or science executive, especially in 
the aircraft, petroleum, and chemical industries. The 
scientist and engineer, in their education and in their 
breadth of outlook, must also show that they can be 
first-rate specialists and still make managerial and other 
contributions to the common account of our society. 

Great professional societies, such as the Institute of 
the Aeronautical Sciences, play an increasingly impor- 
tant role in stressing and augmenting the professional 
status of theirmembers. The IAS plays an increasingly 
important role in cultivating the specialties of aero- 
nautical equipment design and in not permitting in- 
dividual specialties or disciplines to become inflated 
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out of all proper relationship to their place in 
the overall systems design or program. A great pro- 
fessional society has a responsibility to subject overly 
optimistic forecasts about technical performance to the 
test of sober, responsible judgment. The public has 
come almost to demand overly optimistic projections 
and to expect technical miracles. It may not be good 
for the professional status of the scientist and engineer 
passively to permit their work to be oversold. 


(5) We must further present efforts to increase the 
Government’s access to our national scientific resources 
by increasing the interaction between qualified members 
of the scientific community and Government officers 
carrying responsibilities fer policy or operations affected 
by technology. The recent recommendations on 
research and development of the Hoover Commission 
are thoughtfully considered to achieve this objective, 
as well as a strengthening of the coordination of scien- 
tific activities at the top levels of Government. 


The Government must have a root system which 
spreads over and draws sustenance from the entire 
civilian domain of science and technology. Thus our 
military technology can constantly respond to the rapid 
progress in basic science. 


(6) The Government, in its contracting and budge- 
tary procedures, should recognize still more widely than 
it does now the special nature of research and develop- 
ment. Contractual procedures designed for procure- 
ment are seldom appropriate for research, and short- 
term budgets are frequently inadequate for eifective 
research. We need in every possible way to simplify 
the Government’s management of research and develop- 
ment and to expedite its decision-making processes. 


(7) I come finally to the suggestion that we need 
broadly conceived strategy for maintaining U.S. tech 
nological supremacy. I hope that the means ang 
method can be found to undertake a thorough study of 
the factors involved in maintaining technologicaf 
strength and removing the roadblocks to private initia 
tive. I recall the great influence exerted by the Aig 
Policy Commission through its notable report, Surviag 
in the Air Age. Weneed a comparably thorough report 
to chart our technological progress in the years ahead 
Such a report not only should deal with manpower and 
its education but also should look at the wti/ization of 
manpower and the personnel policies in Government 
industry, and elsewhere which affect its efficient use ang 
conservation. It should probe for soft spots in o 
research and development. Are there systems areag 
such as aircraft propulsion where we need more researef 
effort? Are there fields such as metallurgy—and overg 
lapping fields such as design and fabrication involving 
mechanical engineering and metallurgy—where yw 
need more manpower and more development? Is nofi 
the whole area of materials one which warrants ney 
and more massive effort? Is there now too much losg 
of time between discovery and application? 

These are but a few of many questions which could 
be fruitfully examined in the context of a study devoted 
to “Survival in the Age of Technological Contest.” 

If such studies should be amplified by a civilian team 
of adequate size, competence, and imagination, and 
with all doors opened for data by Government and 
industry, the results might well become a major docu 
ment of state, as well as a blueprint for maintaining! 
America’s technology as an impregnable shield and asa 
mighty multiplier of our wealth and well-being. 
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“If we had to puta man on the moon, we could do it.” 


Overheard at an Institute of Aeronautical Sciences luncheon 


This impromptu statement was not a matter of idle 
conjecture. It was a statement of a positive and scien- 
tific fact — as provable as if he’d said the Aleutian 
Islands— and contingent only upon three prime requi- 
sites: enough time, money, and necessity. And by 


“we” he meant today’s mindpower and facilities oper- 


ating under the most advanced concepts of research 


and development. 

Those concepts as practiced at Martin today would 
be essential to the fastest possible solution of any 
complex flight systems problem now within the capac- 
ity of man to solve. 

It is this that has established Martin as one of the 
prime forces in the coming conquest of the new fron- 
tier—Space itself. 


SA Th kK &S 


| 
| 


88 AERONAUTICAL ENGINEERING REVIEW—APRIL 


24th Annual Meeting— 


Summary of Technical Sessions 


(Continued from page 47 


those which make major contributions 
to the field. Various societies are now 
struggling with this problem. 

The paper concluded with a plea 
that the consumer, or employer of en- 
gineers, continue the training of the 
graduate and, above all, use him effec- 
tively. The presentation of this paper 
was frank and perhaps blunt in some 
regards and represented a constructively 
critical attitude which the educator 
needs to assume. 

A panel discussion followed the for- 
mal paper presentation with questions 
from the floor directed to the speakers. 
Considerable interest was evidenced 
by audience participation. Approxi- 
mately 100 persons attended, about one- 
third from education and the balance 
from industry, research, and other 
fields. The education of engineers is 
an extremely important current prob- 
lem. The Institute is commended for 
its active interest, making this informa- 
tive session possible. 


Air Space Use 


by 
J. Francis Taylor, Jr. 


Director 
Air Navigation Development Board 
Civil Aeronautics Administration 


The session On air space use was in- 
tended to show, first, how we are 
presently using our air space; second, 
the forecast and nature of air transpor- 
tation for the next 10 vears; and, last, 
what improvements could be expected so 
as to permit the growth that had been 
forecast. 

In a paper on the “Distribution and 
Movement of Air Traffic in the Boston, 
Salem, and Hartford Sectors of the Bos- 
ton Air Route Traffic Control Center, 
August 3, 1954,”’ Charles I. Stanton and 
Kenneth van Wymen, of the Bell Tele- 
phone Laboratories, showed by a unique 
plan presentation developed at the Bell 
Laboratories what an actual traffic 
situation looked like in the Boston area. 
This was intended to provide the back- 
ground, by illustration, of traffic control 
as it is at present. 

The Bell Laboratories, under joint 
sponsorship of the Air Navigation 
Development Board and the American 
Telephone and Telegraph Company, has 
made a study of the air route traffic 
control system. Attention was focused 
on the movement and distribution of 
IFR traffic and the related communica- 
tions in the Boston area. 


A projection type of display was 
shown to illustrate this study, which 
gave the plan position of every air- 
craft in the area. Aircraft position and 
heading were indicated by an arrow, 
identity was given by a 3-number code 
above the arrow, and altitude by a 
3-number group below the arrow. The 
maximum number of aircraft in this 
en route area at one time was 32. If 
these had been distributed along the 
1,000 miles of airways at the six most 
used altitudes, the average separation 
of aircraft at the same altitude would 
have been about 190 miles. 

It was found that the time required 
to handle the land line communications 
in the three busy control sectors of the 
area would require 70, 55, and 49 per 
cent of the time available to the con- 
troller in the respective sectors. One 
of the sectors used radio, as well as 
land line communication. This oc- 
cupied 31 per cent of the time available 
to another controller. 

Data from the three sectors of the 
Boston area indicate that a controller 
is not likely to impose delays upon air- 
craft until communications take about 
40 per cent of his available working 
time. Thereafter, the delay time in- 
creases rather rapidly, and 50 per cent 
may be selected as the criterion for the 
desirable upper limit of a controller’s 
work time that should be devoted to 
communications. 

On the there were about 
2 min. of controller communications 
for each air-borne flight. On the basis 
of the 50 per cent criterion of the 
previous paragraph, a controller could 
handle about 15 air-borne flights per 
hour with moderate delays. This would 
mean an of about five air- 
borne flights at a given moment of time 
within the area of a single sector. 

The study to the conclusion 
that delays to aircraft movements re- 
sult from the communication load which 
the system places on the controller and 
not from lack of physical airspace. 

A. D’Arcy Harvey, Planning Officer 
of the Civil Aeronautics Administra- 
tion, by his presentation of “Air 
Traffic Facts,’’ showed the growth of 
aviation for the next 10 years as antici- 
pated by the CAA. 

The CAA study of air transportation 
showed that three basic population-air 
traffic relationships exist: 


average, 


average 


leads 


(1) The distribution and concentra- 
tion of population within the continental 
United States establish the pattern and 
contro] the apportionment of air traffic 
in and between communities. 

(2) A community’s population size 


1956 


and economic character fix its volume g 
terminal air traffic. 

(3) The flow of air traffic betweey 
pairs of communities varies directly 
with the size of their population produc 
and inversely with the distance between 
them when due allowance is made for 
such secondary factors as (a) differences 
in the air/surface distance ratio, (b) 
minimum effective distance for the 
present-day aircraft, (c) the economic 
character of each community in a pair, 
and (d) the density of communities 
within a geographic area. 

Terminal Air Traffic—All types of 
air commerce traffic are concentrated 
in the air traffic hubs. Air traffic hubs 
are defined as Large (1 per cent or more 
of total enplaned passengers in the 
United States), Medium (0.25 to 0.99 
per cent), Small (0.05 to 0.24 per cent), 
and Nonhub (less than 0.05 per cent), 
In fiscal year 1955, the hubs had 79 per 
cent of the domestic air carrier de. 
partures, 95 per cent of the passengers, 
96 per cent of the mail, and 97 per cent 
of the cargo. Significant concentrations 
do not, as a rule, occur in nonhub loca- 
tions, particularly those without air-line 
service. 

En Route Atr Traffic—CAA has com- 
plete, excellent data on all IFR en 
route air traffic which is unique because 
similar facts are not available on a 
nationwide, recurring basis for other 
forms of transportation. The VFR 
en route air traffic facts are sufficient 
for general and military aviation and 
excellent for air commerce. The IFR 
pattern serves well as an indicator of 
the VFR pattern also. 

Actual counts of en route traffic dem- 
onstrate that significant nonstop en 
route volume normally requires that 
one or both communities be an air 
traffic hub. Furthermore, high density 
airways usually link large air trafhe 
hubs with each other or one of the five 
giants (New York, Chicago, Washing- 
ton, Los Angeles, and San Francisco) 
with nearby medium and small air 
traffic hubs. 

The use of en route air traffic facts 
permeates CAA’s planning but is most 
evident in the Federal Airway Program. 
CAA’s Airway Planning Standard No. 
2 and the Federal Airway Plan are 
prime examples. 

Air Traffic Forecasts—The CAA be- 
lieves that a 1960 forecast of 5) 
million passengers and a 1965 forecast 
of 70 million passengers are realistic 
for the domestic air lines. If helt 
copters effectively develop the true 
short-haul market, these forecasts may 
be too low. 

Anticipated developments in aif- 
craft design plus a number of significant 
long-range trends in the American 
economy point to further healthy ex- 
pansion in business transportation by 
general aviation aircraft. It is esti- 
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IN PRODUCTION 


—the new work horse of the Air Force 


Lockheed C-130 Hercules to Now in production at Government Aircraft Plant No. 6, 

Marietta, Georgia, the Air Force’s first turbo-prop trans- 

provide jet age transport speed port before long will begin active service with the USAF 
Tactical Air Command. 

with Allison Turbo-Prop Engines Powered with four Allison T56 engines and Aeroproducts 

Propellers, the new Lockheed Hercules will add speed and 

and Aeroproducts Propellers load-carrying ability to the logistics support of our jet- 


powered combat forces. 


Now undergoing the rigid test of cold weather operation 
in the climatic test hangar at Eglin AFB—home of the Air 
Proving Ground Command—the C-130 will be proved fit 
and ready when it reports for duty some time this year. 


Already the matched team of Allison engines and Aero- 
products Propellers stands as the most thoroughly proved 
turbo-prop power package in America. In military — as 
well as in commercial service — it is 
ready to take its place in the jet age of 
air transportation. 


Backed by more than 8 million 
hours of turbine engine flight 
time—experience where it counts 
most—in the air! 


LLISON 


-““TURBO-PROP POWER 


tae ALLISON DIVISION OF GENERAL MOTORS - polis, 
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mated that business flying will climb 
to 5.7 million hours by 1960 and should 
total 7.2 million hours by 1965—almost 
double the 1953 volume. 

Air carrier aircraft have accounted 
for the bulk of all instrument approaches 
year after year, but their role has been a 
declining one. This proportionate de- 
cline in air carrier activity was offset 
by an increase in military instrument 
approaches. In the future, aircraft 
should make greater use of the airways’ 
facilities. A 1960 forecast of 900,000 
instrument approaches and one of 
1,200,000 by 1965 fit the expected 
growth pattern. 

In ‘Common System Development, 
1956” James L. Anast of the Air Navi- 
gation Development Board described 
the program and philosophy of develop- 
ment by which it was hoped an ex- 
panded traffic-control capability could 
be promised the rapidly growing avia- 
tion industry. 

The reorganized Air Navigation De- 
velopment Board has been in existence 
for nearly 2 years. In answer to the 
question, ‘‘What is the outlook for the 
common system?” optimism was ex- 
pressed on the approaching jet age. 
Mr. Anast predicted that giant strides 
would be made in air navigation and 
traffic control. 

He cited the practically unlimited 
technological advances on which to 
draw and the apparently unanimous 
desire by all elements of aviation to 
speed up progress. The ANDB plan 
represents a modern ‘“‘system”’ approach 
to the problem, involving, operational 
analysis, use of ‘‘Monte Carlo’ simula- 
tion techniques, one-to-one time simula- 
tion using human beings in the system, 
and extensive system experiments. It 
was his opinion that prior attacks on the 
development of air navigation and traf- 
fie control were piecemeal and, there- 
fore, doomed to failure. The present 
approach is drawn from the successful 
experience of the developers of other 
comparable systems, such as the air 
weapons system. 

Mr. Anast predicted that radar would 
be the means by which initial advances 
will be made in the capacity of the com- 
mon system. He referred to the tre- 
mendous automatic tracking capacity 
of the semiautomatic ground environ- 
ment being developed by the Air Force 
and predicted that fairly complete 
physical integration would take place 
between air traffic control centers and 
air defense centers, as well as coopera- 
tion in the form of exchange of data 
between systems. Mr. Anast pointed 
out that the corollary ‘‘nontechnical’’ 
problems have been the most difficult 
and will continue to be so because of the 
necessity of streamlining the Govern- 
ment organizations and the lack of 
adequate research and development 


facilities focusing on the common sys- 
tem. 


Air Transport 


by 
Herold D. Hoekstra 


Chief Project Officer 
Aircraft Engineering Division 
Civil Aeronautics Administration 


The air transport session opened with 
a paper by H. I. Rothrock, Special 
Assistant to the Head of the Air Naviga- 
_tion Aids Branch, 
Office of the Chief of 
Naval Operations 
Department of the 
Navy. His subject 
was ‘‘Navy Require- 
ments for Air Navi- 
gational Aids, Com- 
munication  Facili- 
ties, and Air Traffic 
Control, 1955-1975.” 

The mission of the Navy, Mr. Roth- 
rock pointed out, requires that it base 
and operate aircraft on and over both 
land and water. These requirements, 
unique with the Navy, give rise to 
rigorous requirements in the fields of 
air navigational aids, communications, 
and air traffic control. 

The existing system of navigational 
aids in use ashore not only requires a 
multiplicity of air-borne equipment but 
does not permit of installation afloat. 
Navigational accuracy in the civil or 
“Common System’ ashore falls far 
short of the accuracies required in the 
tactical system afloat. In addition, 
it is required that any short-range 
navigation system, to be usable afloat, 
must permit all of its components to be 
installed on a single ship. This cannot 
be accomplished using Common Sys- 
tem components 

The existing system of civil air traf- 
fic control fails to make adequate pro- 
vision for the expeditious movement of 
high-performance military aircraft. De- 
lays to operational training and other 
military flight operations within con- 
tinental United States are serious, and 
adequate efforts to rectify this situation 
have not yet been made. 

There is a pressing requirement for a 
completely integrated Common System 
of aids to air navigation, communica- 
tion, and traffic control, suitable to the 
needs of both military and civil operators 
and so designed that it will be accept- 
able to all users of the airspace. 

In the discussion of Mr. Rothrock’s 
paper, Jerome Lederer of Flight Safety 
Foundation raised the question of pro- 
tection against ground power failure, 
and the speaker agreed that stand-bv 
systems were essential. 


1956 


Captain Ralph Barnaby USN (Ret), 
suggested that the function of the Aj 
Navigation Development Board be ey. 
plained, whereupon Mr. Rothrock out. 
lined the composition and duties of this 
interdepartmental board (with repre. 
sentation from Defense, Commerce 
Air Force, Navy, and Army) which js 
charged with the overall responsibility 
for the coordination of the development 
of Common System aids. 

James Pyle, Special Assistant for 
Civil Aviation, Navy Department. 
stressed the importance of having all 
interested parties assist the CAA in the 
implementation of the agreed upon 
programs, particularly in support be. 
fore the Bureau of the Budget and the 
Congress. 

A. C. Campbell Orde, Operations 
Development Director, BOAC, pointed 
out that BOAC and European ex. 
perience showed that more work js 
needed on a policy for long-range aids 
and that careful coordination is required 
with such systems as Mr. Rothrock had 
discussed. 

In the second paper, Irving I. Grin- 
gorten, of the Air Force Cambridge Re- 
search Center, outlined a method of 
optimum flight planning and navigation 
and described the associated meteoro- 
logical procedures. He also made 
recommendations with respect to opti- 
mum operations of transport aircraft, 
both civil and military. 

Thomas L. Burkett, of Cook Re- 
search Laboratories, was coauthor of 
the paper entitled ‘‘Integration of 
Weather Forecasting, Flight Planning, 
and Flight Watch.” 

As long as 10 vears ago, the advantage 
of pressure pattern flving was demon- 
strated in savings of transatlantic 
flying time. Aircraft whose courses 
were altered to gain a wind advantage 
were able through savings of en, route 
fuel to carry, on the average, 1() per cent 
greater pay loads. But there have been 
difficulties, both real and inescapable, 
or circumstantial. Domestic and in- 
ternational flying regulations have been 
designed primarily for fixed route op- 
erations rather than for optimum routes. 
Although there are provisions for direct 
flights in Civil Air Regulations, traffic 
control and restricted area problems 
prevent the full utilization of optimum 
techniques. The representation of fore- 
cast and en route weather and _ the 
difficulty of calculating the optimum 
headings and altitude have been de- 
terrents. 

Since October, 1954, the Atlantic 
Division of the Military Air Transport 
Service has been making increasingly 
frequent use of minimal flight plans, 
using a technique that is quickly 
taught to operations and flight crew 
personnel and easily integrated into 
flight operations. The optimum flight 


planning procedures not only provide 
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re pertinent information for flight 
yerations but also provide for in-flight 
yrection of flight plans based upon 
ater-observed weather information. It 
as been one of the important advances 
ward optimum aircraft operations. 
Walter Bohan of Cook Research 
[aboratories took part in the discussion 


i the absence of the coauthor, Mr. 
Burkett. The questions raised related 
io accuracy of position, which Mr. 


Gringorten indicated was fully as good 
aswith other methods; extension of the 
system to aircraft without navigators, 
answered in the affirmative; and finally, 
possible timesaving, which the author 
elt could be up to 10 per cent. 

“The Turbine-Propeller Combina- 
tion in the Air Force’”’ was the topic of 


Lt. Col. Rov J. Wellman, USAF, of 
the Directorate of Research and De- 
velopment. 


In spite of the fact that transport 
aircraft cruise nearly 400 m.p.h., Colonel 
Wellman said, the movement of large 
quantities of goods over long distances 
is still accomplished at a speed ‘‘little 
better than that of the covered wagon.” 

One of the biggest factors in reducing 
the time from point of origin to desti- 
nation is to have aircraft with greater 
nonstop ranges together with the 
ability to get into and out of the maxi- 
mum number of different airfields on a 
global basis. 

The turbine-propeller combination is 
admirably suited to meeting the need 
for shorter take-off and landing dis- 
tances, greater ranges with higher 
speeds, and reduced specific fuel con- 
sumption at less overall system cost. 

A specific comparison was made of 
the same airplane powered with turbo- 
props and with turbojets to show 
graphically the areas of performance 
that the propeller improves. In place 
of the propeller, a fraction of this im- 
provement could be obtained by using 
30-1000? JATO bottles per take-off. 
For landing, one chute could be used on 
the glide path and one for landing roll. 
Despite this, the difference must be 
made up with tons of concrete. And 
finally, in the air a duplicate system of 
fueling must be used in order to obtain 
range, 

A second comparison showed the spe- 
cific fuel consumption that can be 
achieved 


with the turbine ‘engine 
through use of higher turbine tempera- 
tures. A third comparison showed 


what is expected from theory in the form 


ot propeller efficiencies at increased | 


speeds, 

The work is being carried on by the 
NACA in XF-88B tests and by the 
Air Force with two F-84H airplanes. 
A third project is the XB-47D airplane. 
Colonel Wellman invited those with a 


need to know and proper clearance to | 
with 


discuss these projects further 
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TO YOUR SPECIFICATIONS 


—from a famous 
precision manufacturer 


At Ex-Cell-O you'll find a rare combination of engineering 
skill, trained workers, and huge departments of up-to-the- 
minute precision machinery. There’s a special Engineering 
Staff to plan the economical way to produce your part or 
assemblies including machining, heat treating, and unit 
assembly. Rigid inspection methods safeguard Ex-Cell-O's 
reputation for precision work. 


Send your print, part, or sketch to Ex-Cell-O in Detroit. 


CORPORATION 


DETROIT. 32, MITCH I GAN 


MANUFACTURERS OF PRECISION MACHINE TOOLS e CUTTING TOOLS 
@ RAILROAD PINS AND BUSHINGS e DRILL JIG BUSHINGS e¢ AIRCRAFT 
AND MISCELLANEOUS PRODUCTION PARTS e DAIRY EQUIPMENT 
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Over one-fourth of the people in the U.S. 
live within range of atomic missiles that 


could be launched in a sneak attack by 


ENEMY SUBS 


A CRUCIAL U.S. DEFENSE PROBLEW 


Official R.A.A.F. photo (below) shows war games “attack” on British sub by Royal Australian Air Force Neptune. (P2V’s 


Modern submarines, able to make long voyhessive modif 
while completely submerged, and to lauhiitarily up te 
nuclear missiles in a sneak attack, are amghyynd for po 
the most sinister weapons of this atomic yyy Neptune 


craft bearir 
To safeguard our nearly twelve thousand yj yrcraft bear 


of coastline against sub invaders, the U.S. \y recently the 1 
for ten years has patrolled immense areafontract for P 
the ocean, in fair weather and foul, in Lockhg eed’s leaders 
P2V Neptunes. Special submarine detegifpent, the de 
gear enables the P2V, despite darkness orjjctronics, a 
to pinpoint even submerged subs. And y png-range pa 


in military service for the following friendly countries: Australia, Canada, Great Britain, France, Japan and the Netherland 
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VOVaiessive modifications of the P2V have kept it 
) laufijitarily up to date at lowest cost to the Navy. 
© am@yund for pound, and dollar for dollar, the 
mic ay Neptune is the most formidable patrol 
nd J craft bearing the insignia of the U.S. Navy. 
‘S. NaRecently the Navy awarded Lockheed its 24th 
ontract for P2V Neptunes —a tribute to Lock- 
eed’s leadership in weapons system manage- 
ent, the development and application of 
S Oriiblectronics, and the design and production of 
‘Nd pilong-range patrol aircraft. 
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SYSTEMS DIVISION, Van Nuys, Calif. 


LOCKHEED 


AIRCRAFT CORPORATION 


These drawings illustrate the multiple-mission capabilities of the P2V Neptune: 
1 Low-flying P2V’s electronic gear spots submerged sub because its presence distorts 
the earth’s magnetic field. 2 Depth-bombing a submerged sub, 3 torpedoing a surface 
ship or laying mines to disrupt enemy shipping are jobs the P2V can do equally well. 
4 Spotting hurricanes and reporting their velocity and direction are routine but impor- 
tant P2V missions which save human lives and vast sums in property damage. 


Lockheed Missile Research Laboratories 
to Be Built in Stanford’s Industrial Park 


A series of research laboratories will be constructed by Lockheed’s Missile Systems 
Division on a 22-acre site adjacent to Stanford University, Palo Alto, California. 
On a nearby site of 275 acres, at Sunnyvale, Lockheed will build extensive new engineer- 
ing, manufacturing and administration facilities. Lockheed’s 3,000 scientists, engineers 
and technicians now developing guided missiles and unmanned aircraft at Van Nuys 
will transfer to Palo Alto and Sunnyvale as rapidly as construction permits. 

The proximity of both new sites to Stanford will make the university’s outstanding 
academic resources available to Lockheed research teams. And the new laboratory facil- 
ities to be built by Lockheed will provide Stanford scientists with technological tools 
and consulting opportunities hitherto unavailable. 

ATTENTION, STUDENTS WHO DESIRE MASTER OF SCIENCE DEGREES: Lockheed’s Advanced 
Study Program helps students achieve MS degrees in Mathematics, Electrical and Mechan- 
ical Engineering, Aeronautics and other physical sciences. Write: LOCKHEED MISSILE 


LOOK TO LOCKHEED FOR JET LEADERSHIP, TOO 


(Below: aerial photo of Stanford campus.) 


California Division, Burbank, Calif. 
Georgia Division, Marietta, Ga. 

Missile Systems Division, Van Nuys, Calif. 
Lockheed Air Terminal, Burbank, Calif. 
Lockheed Aircraft Service, Burbank, Calif. 
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Government agencies, Air Force people, 
or with the contractors involved. 

Following the presentation of papers, 
a film was shown illustrating the Boeing 
B-47D, which mounts Wright T49 
propeller turbines in place of the dual 
J47 inboard jet pods. 

The discussion opened with a 
question from William D. Perreault, 
of Lockheed-Georgia Division, con- 
cerning the make of propeller on the 
B-47D; this is a Curtiss. Another 
question was asked about the relative 
advantages of turbofan and turboprop 
engines; Colonel Wellman pointed out 
that one of the main advantages of the 
turboprop was earlier availability. 

In answer to a question as to the in- 
crease in range given the B-47 by turbo- 
prop engines, Colonel Wellman pointed 
out that it was too early to reach definite 
conclusions but that study of curves 
in the paper might indicate 30 per cent 
increase for the turboprop. 

R. M. Woodham, of the Cornell- 
Guggenheim Aviation Center, asked 
about free turbines, but the speaker 
indicated that he did not have infor- 
mation available at this time. 


Aircraft Design 


by 
Richard G. Bowman 


Assistant Chief Engineer 
Republic Aviation Corporation 


The session on aircraft design was 
opened with a paper by James L. 
Decker, in which he presented a method, 
based on theoret- 
ical considera- 
tions, for estimat- 
ing the downwash 
angle for various 
tail locations. 
The modern air- 
plane with swept- 
back wings has 
shown that its sta- 
bility characteristics are extremely sen- 
sitive to the location of the horizontal 
tail. This is particularly true at low 
speeds. The problem of tail location 
becomes more acute as the aspect 
ratio decreases. Knowledge of the 
downwash is a vital necessity in the 
preliminary design stage when valid and 
rapid approximations are required be- 
fore the design has reached the stage 
where wind-tunnel results are available. 
The paper compared predicted results 
with actual wind-tunnel test data to 
show good agreement between the pre- 
dicted and test results. The impor- 
tance of this paper was illustrated by the 
last figure which indicated that a poor 
location in the downwash field can 
reduce the tail contribution to zero. 


The agreement between the test 
results and the estimated values was 
sufficient to discourage any extensive 
discussion. All agreed that the topic 
was of current interest and a useful tool 
in preliminary design. The author 
and the chairman engaged in a discus- 
sion to indicate that such items as 
nacelles or air intakes in the leading 
edge of the wing could greatly disturb 
the downwash field and that these 
possibilities should be kept in mind. 


M. A. Sant Angelo presented a paper 
on ‘Integrated Flight Equipment Sys- 
tem with a Primary Emphasis on Instru- 
mentation and Controls.”” this 
presentation, the pilot is considered to 
be a part of a closed loop control sys- 
tem in which he receives information 
from instruments and then performs 
the necessary action to control the air- 
plane. As our flight speeds increase, 
less time will be available for the pilot 
to make the necessary decisions and 
control motions. This lack of time 
leads us to use automatic pilot sys- 
tems which can measure and act faster 
than the human pilot. The human 
pilot, however, is still considered to be 
in charge of the flight and is referred to 
as the flight manager. In his position 
as manager of the flight, he must 
monitor the actions of the automatic 
controls by reference to numerous 
measuring instruments. This paper 
shows a-rneed for instrument systems 
which will collect and integrate these 
measurements so that the pilot can 
obtain his information from fewer 
sources and by methods which will 
simplify his need to interpret and com- 
pute the meaning of the measurements. 


The discussion indicated that all were 
in general agreement with the need for 
integrated systems to collect and display 
information, but some members, and 
particularly the chairman, expressed 
the opinion that much more effort is 
required in the presentation of the 
information so that the pilot can 
assimilate the information quickly and 
with a minimum of effort and least 
possibility of error. As speeds increase, 
it will be necessary to give the auto- 
matic flight control systems more and 
more authority, since there will be a 
larger flight regime in which the human 
pilot is just too slow. In addition to 
rapidity of action, the requirements will 
call for large aerodynamic forces to be 
exerted by the controls. 


I prefer to think of the human pilot 
as the supreme boss and the automatic 
control assistant. I 
shall continue to think so, for at least a 
little while to come. This philosophy 
poses the problem: ‘‘How can a 
human pilot monitor and control an 
automatic system that can measure and 
react more precisely and faster than the 
human pilot?” This will be a difficult 


system as his 


1956 


and pressing problem, which must 
solved in the near future. ie 

The paper on “Reverse Thrust, 
Vertical Lift, and Side Force by Meangiiil 
of Controlled Jet-Deflection” was p 
sented by Leonard Meyerhoff. Thg 
use of reverse thrust has many advag 
tages in a turbojet-powered airplane 
This is particularly true because of the 
higher landing speeds and clean log 
drag configuration of the modern jetj 
The paper presents the analytic basigl 
for calculating the effect of jet thrust for 
use as a brake and to evaluate the poweg 
of the jet as a device for producing sidg 
thrust and other control forces. Num 
erous curves are used to illustrate the 
effects of the deflected jet when operated 
as a brake in various flight conditions, 
ranging from high speed to approach 
speed, and during the landing rol) 
The calculations show the effect of 
delayed application of reverse thrust! 
on the landing roll distance. 

The use of reverse thrust as a means 
of controlling the landing approach and 
ground roll is being energetically studied 
by those engaged in commercial jet) 
aircraft. The application of a con} 
trolled jet deflection to augment the 
power of the air controls is being con) 
sidered in many of the newer designs of 
high-performance aircraft and missiles, 


Aircraft Noise 


William Litthewood, Chairman 


Vice-Pres., Equipment Research 
American Airlines, Inc 


Four papers were presented at the 
aircraft noise session. The first was 
‘‘Noise, Vibration, and Aircraft Strue- 


tures’ by Arthur 
A. Regier, Head 
of the  Vibra- 
tion and Flutter 


Branch of NACA 
Langley Aeronauw- 
tical Laboratory. 

With the avail- 
ability of larger 
power plants, Mr. 
problem of noise 


said, the 
fatigue has been aggravated to the 
extent that noise damage to structural 
areas near the propellers and jets is 


Regier 


SYN 


becoming an important consideration for ¢ 
in the determination of aircraft con- ecor 
figurations. He discussed the subject adv: 
in four parts: (1) response of systems ion 
to various types of inputs, (2) near 
field characteristics of various noise defe 
sources, (3) vibration modes, and (4) A-b 
fatigue. wea 
Pressure fluctuations in the order of ante 


180 db. or !/, atmosphere are produced 
near present propulsive systems and on 
aerodynamic surfaces subjected to shock 
buffeting. Most aircraft skins and 
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SY N C H RONIZED— ike a fine watch, Northrop Aircraft is synchronized 


for dependable performance. A precise balance between long-range planning and 
economical production insures the continued development of the nation’s most 
advanced weapon systems. Effective thinking and doing have produced such 
recognized achievements as the Northrop Scorpion F-89 interceptors, far-reaching 
defenders of our heartland; Northrop Snark SM-62s, unmanned intercontinental 
A-bomb carriers; and Radioplane Company’s pilotless drones and missiles. New 


weapons of the future are now being designed. Their punctual delivery i. guar- N O RT H R O p 


anteed by synchronized management, engineering and production at Northrop. — sorrsror aimcrart, inc. + HAWTHORNE, CALIFORNIA 


Pioneers in All Weather and Pilotless Flight 
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secondary structures will show fatigue 
damage after many cycles, when sub- 
jected to pressures ranging from 140 to 
150 db., and permanent set or rupture 
after short exposure to 180 db. 

Horace O. Parrack, of Wright Air 
Development Center, spoke on ‘‘Noise, 
Vibration, and People.’’ He presented 
a general method of attack utilizing the 
elements of a functional system essential 
in seeking solutions to the problems 
involved. He outlined the quantita- 
tive data about each element and 
described the known information about 
how people respond to acoustic energy 
(noise). Then the system, including 


‘sources,’ ‘‘transmission paths,’’ and 
‘“‘men as receivers’ was discussed with 
respect to its application to problems 
created by the noise from air operations. 
Charles T. Molloy, of Lockheed Air- 
craft Corporation, delivered a paper on 
“Noise, Vibration, and Aircraft Equip- 
ment.’’ He discussed noise caused by 
reciprocating-engine power plants, jet 
engines, and machinery. He also dis- 
cussed the efficacy of floor coverings for 
the reduction of airplane vibration and 
the capability of acoustically lined ducts 
to reduce aircraft ventilation noise. 
“Silencing the Jet Aircraft’? was the 
title of a paper by Holden W. Withing- 


CUSTOM-BUILT USE-ABILITY... 
for your motor-driven products 


Exceptional performance and dependability go with useability in 
Lamb Electric Motors because they are: 


(1) “tailored” to the exact requirements 


of an application. 


(2) built of quality materials by precision- 
minded personnel. 


Our company is equipped and organized to custom-manufacture on a 
volume basis; hence high quality and controlled costs go hand-in-hand. 


We would like to discuss these advantages with you for your new 


and redesigned products. 


THE LAMB ELECTRIC COMPANY ° 


KENT, OHIO 


In Canada: Lamb Electric—Division of Sangamo Company Ltd.—Leaside, Ontario 


Electric 
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Swivel-mounted 
portable tool 


motor 


Aircraft 
de-icing 
pump 
motor 


ton, of the Boeing Airplane Company. 
The Boeing 707 commercial jet trans. 
port, he said, will incorporate a noise. 
reduction device which will substanti. 
ally reduce the external jet noise with 
only minor degradation of performance. 
Technical progress has been achieved 
which will result in the 707 being actu. 
ally quieter, from the airport and sur. 
rounding area standpoint, than some of 
the present propeller-driven transports, 

The paper described the development 
program currently in progress at Boeing 
covering all phases of the noise-reduc. 
tion problem. It discussed (1) acousti- 
cal characteristics, (2) effects on engine 
performance and operation, and (3 
effects on airplane performance. Re. 
sults were given in terms of noise reduc. 
tion, thrust coefficients, and airplane 
drag characteristics for a large number 
of model and full-scale configurations, 
The work was summarized by showing 
noise contours around a typical airport 
for the 707 in comparison with present 
propeller transports. * 


Earth Satellites 


by 
Paul Rosenberg 


President, Paul Rosenberg Associates 
Consulting Physicists 


Man-made, earth-circling satellites 
stir the imagination of even the most 
conservative scientists and aeronautical 
engineers. This 
was strikingly 
demonstrated by 
a record attend- 
ance at the IAS 
earth satellite ses- 
sion and by the 
quality of the 
audience’s serious, 
factual questions 
concerning this otherwise sensational 
subject. An authoritative, sober ac- 
count of the earth satellite program 
was presented by a panel of four 
speakers, all of whom have _ been 
responsibly and intimately engaged in 
the actual planning and direction of the 
earth satellite program, which promises 
to be one of the great scientific achieve- 
ments of our time. 

Future historians are likely to say 
that the first earth satellite is to space 
travel what the Wright brothers’ flight 
at Kitty Hawk is to present-day avia- 
tion. Nevertheless, these two historic 
events will differ in three significant 
ways: 


* “Silencing the Jet Aircraft,’ by 
Holden W. Withington, appears in full in 
this issue on pp. 56-63, 84. 
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(1) The flight at Kitty Hawk was 
made in relative obscurity; those few 
newspapers that described the first 
flights did so with sceptical and pre- 
posterous statements about the Wright 
machine. By contrast, the first earth 
satellite will be launched in the full 
glare of the most widespread and accu- 
rate advance publicity that has ever 
been given a scientific experiment. 

(2) The first two times the Wright 
brothers offered their airplane and their 
services to the U.S. Government, they 
were completely rebuffed. By contrast, 
the first earth satellite will be launched 
with the complete support and coopera- 
tion of our Government. 

(3) The Wright plane was essen- 
tially the work of two men, whereas the 
earth satellites will be the cooperative 
work of an extremely large number of 
men in a joint effort of Government 
agencies, the Armed Services, univer- 
sity scientists, and industry. Indeed, 
the scientific observations to be made 
with the earth satellites will enlist the 
aid of scientists throughout the world. 

The relation of the earth satellite 
program to the world-wide scientific 
effort of the International Geophysical 
Year 1957-1958 was described in broad 
perspective by Dr. Joseph Kaplan who 
delivered the first paper on the pro- 
gram. Speaking authoritatively as 
Chairman of the U.S. National Commit- 
tee for the IGY (under the National 
Academy of Sciences), Dr. Kaplan 
related the significant events that led 
up to the July, 1955, White House 
announcement of the intention of the 
United States to launch a series of 
earth satellites beginning approximately 
in June, 1957.* 

Hundreds of sounding rockets will be 
fired in many parts of the globe for 
upper atmosphere research during the 
IGY, some of these being high-perform- 
ance Aerobees capable of ascending 
approximately 200 miles. Neverthe- 
less, the results of such rocket soundings 
are limited because the total flight time 
spent in a particular altitude range is 
extremely short and because the flight 
paths have only limited geographic 
coverage. A satellite vehicle, by con- 
trast, can give synoptic data over 
large areas of the earth, over relatively 
long periods of time, and at high alti- 
tudes. Dr. Kaplan has aptly called 
the earth satellite an LPR (long-play- 
ing rocket), 

It is obviously an interesting and diffi- 
cult problem to launch and guide a satel- 
lite vehicle, at a speed of approximately 
18,000 m.p.h., into a prescribed orbit 
lying 200 (perigee) to 800 (apogee) 


* “Rocket and Satellite Studies During 
the IGY,” by Joseph Kaplan, appears in 
full in this issue on pp. 64-67. 


miles above the earth’s surface. How- 
ever, only general engineering informa- 
tion concerning the launching and guid- 
ance could be released at the time of the 
IAS session on earth satellites. Con- 
sequently, the session was devoted 
principally to the scientific utility and 
research significance of the satellite 
vehicles, topics indeed of broader 
interest than the launching and guid- 
ance. 


The earth satellites will be used for 
the following scientific purposes, among 
others (the sequence of this listing is not 
significant): observation and measure- 
ment of solar and cosmic radiation; 
study of ionized layers of the atmos- 
phere (which affect radio transmission) ; 
investigation of the aurora and air 
glow; study of the magnetic field in the 
Vicinity of the earth; study of meteoric 
dust; measurement of density, tem- 
perature, movement, and chemical con- 
stitution of the upper atmosphere; 
measurement of the shape of the earth 
and the distribution of mass within the 
earth; and accurate measurement of 
intercontinental distances. 


Measurements and observations of at 
least the first four types listed above 
must be made by automatic instruments 
carried in the satellite and the results 
telemetered to ground stations. Scien- 
tific observations of this type, using 
instrumented satellites, were discussed 
at the session in a paper by Dr. J. A. 
Van Allen, Chairman of the Depart- 
ment of Physics, State University of 
Iowa, and Chairman of the Upper 
Atmosphere Rocket Research Panel, 
the group that has planned and guided 
all upper atmosphere rocket research 
in the United States in the past decade. 
In pointing out the tremendous advan- 
tages of the LPR for upper atmosphere 
research, as compared with conventional 
high-altitude rockets, Van Allen com- 
mented that one instrumented earth 
satellite could give him, in the course of 
a few days’ successful operation, more 
significant cosmic ray data than he has 
been able to accumulate in a decade of 
laborious expeditions to 
various parts of the globe. 


scientific 


The instrumentation problems of the 
satellite are obvious from the simple 
facts that the vehicle will have a diam- 
eter of 30 in. or less and a total 
weight of 21.5 lbs., about half of which 
will be the sphere itself. The 10 lbs. 


available for instrumentation must 
include the sensing and measuring 


instruments themselves, a telemetering 
transmitter, a command receiver, and a 
source of power—all built to withstand 
acceleration and a wide range of tem- 
perature and pressure conditions. 


When the satellites re-enter the 


denser portions of the atmosphere at 
high orbital speeds, they will disinte- 


grate in much the same way as small 
meteors. The life of the satellites wij 
be of the order of magnitude of severa| 
days to several months, depending upon 
their orbits and upon the densities 
encountered in the upper atmosphere. 
The practical engineering problems of 
recovering the satellites are so formid¢. 
able that no attempt at recovery is con. 
templated in the present satellite pro. 
gram. 


Many important measurements can 
be made by observing the orbital 
motion of an “‘inert’’ satellite—i.e., q 
satellite with no instrumentation. For 
example, atmospheric drag on the satel- 
lite is a sensitive measure of atmos. 
pheric density as a function of height, a 
function that is now not accurately 
known for the upper atmosphere; the 
earth’s shape and the distribution of 
mass within the earth will also affect 
the motion of the satellite; accurate 
measurements of intercontinental dis. 
tances are possible by optical and radar 
observations from ground stations, 
These types of measurement and obser- 
vation with an inert satellite were dis. 
cussed at the session in a paper by Dr, 


Fred L. Whipple, Director of the 
Smithsonian Astrophysical Observa- 
tory, Professor of Astronomy at 


Harvard University, and a member of 
the U.S. National Committee Technical 
Panel on the Earth Satellite Program, 

Twelve or more specially equipped 
stations at strategic points around the 
earth will be assigned the main task of 
observing satellite positions by precise 
photographic measurement. In addi- 
tion, a world-wide corps of amateur 
astronomers will be enlisted to assist 
in tracking and locating the satellites, 
Observations by the amateur astrono- 
mers will be most useful during a satel- 
lite’s first 90-min. circuit of the earth 
when the initial orbit must be found 
and again in the last few circuits of the 
satellite’s life when the orbital changes 
are rapid. 


The frequently quoted statement that 
the satellite will be visible to the naked 
eye gives rise to a popular impression that 
anyone in the street, so to speak, will 
be able to look up and see the satellite 
at his convenience. Such is not likely 
to be the case. The brightness of the 
satellite will probably be near the limit 
of naked-eye sensitivity, so that the 
following conditions must be met for 
naked-eye visibility: The satellite 
must be near its perigee; it must be 
seen almost vertically; the sky must be 
clear; and the earth’s surface at the 
observing post must be in twilight 
Simple optical instruments—e.g., at 
amateur astronomical telescope—will of 
course aid observations considerably. 


The 3-year project of building and 
launching the satellites, entitled Proj- 
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ect VANGUARD, has been undertaken 
py the Department of Defense, within 
which the Navy heads the program. 
Project Vanguard was described in the 
concluding paper of the session by Rear 
Adm. F. R. Furth, USN (Ret.), (now 
with Farnsworth Electronic Co., 
LT.&.T.), who, until his recent retire- 
ment, had overall responsibility for the 
project in his capacity as Chief of Naval 
Research. Admiral Furth presented 
several newly released items of engineer- 
ing information concerning the pro- 
gram, plus the fact that the launching 
site of the first satellites will be Patrick 
Air Force Base, Cocoa, Fla.* 

The satellite will be launched by a 
three-stage rocket. The Glenn L. Mar- 
tin Company, prime contractor for con- 
struction of the rocket, has awarded a 
subcontract to the General Electric 
Company for the construction of the 
first-stage rocket motor, which will have 
a thrust of 27,000 Ibs. at sea level, and 
an operating time of 140 sec. The 
first-stage rocket will be an improved 
Viking with its fins removed; the rocket 
will be stabilized by the thrust of the 
motor, gimbal mounted. 

The second-stage rocket will be con- 
structed by the Aerojet-General Corpo- 
ration and will also have a finless, 
cylindrical air frame of monocoque con- 
struction. In order to prevent exces- 
sive aerodynamic heating of the satel- 
lite itself (the pay load), it is likely that 
the satellite will be sheltered with a 
conical nose to be jettisoned at the end 
The third stage 
will have a solid propellant motor and 
will have a spin imparted to it. 

A year and a half of further planning, 
development, and construction remains 
before the first satellite is launched. 
Nevertheless, the principal features of 
the program have been determined, and 
most of them are likely to stay the 
same as they were when presented at 
this first session on the subject of earth 
satellites, 


of the second stage. 


When the first man-made satellite 
hurtles into its orbit in 1957, we will 
have reached an important milestone 
in the eventual conquest of interplane- 
tary space. 


*“Project VANGUARD—The Inter- 
national Geophysical Year Earth Satel- 
lite,” by Rear Adm. F. R. Furth, USN 
(Ret.), appears in full in the March, 1956, 
issue of the AERONAUTICAL ENGINEERING 
REVIEW, pp. 55-59, 


Electronics 


by 
H. Guyford Stever 


Chief Scientist 
United States Air Force 


The session on electronics was pre- 
sented in cooperation with the Institute 
of Radio Engineers and the Radio 
Technical Com- 
mission for Aero- 
nautics. Inas- 
much as_ the 
scheduled chair- 
man arrived late 
because of air 
transportation dif- 
ficulties, Dr. K. C. 
Black of the IRE 
pinch-hit at the opening of the meeting. 

The first two papers on the program 
dealt with the important and practical 
subject of the cooling of electronic 
equipment in high-performance air- 
craft. Though both authors, J. B. 
Welch of the Cornell Aeronautical 
Laboratory and Nathan A. Carhart of 
the Douglas Aircraft Company, 
approached the subject matter broadly, 
the two papers were in large measure 
complementary, for Mr. Carhart con- 
centrated on a description of the envi- 
ronment which the aircraft presented to 
the equipment to be cooled, and Mr, 
Welch concentrated on the problems of 
instrument cooling. 


In his paper entitled “Problem of 
Cooling Electronic Equipment in High- 
Performance Aircraft,’’ Mr. Carhart 
first discussed the aircraft environment 
by describing the pressure-temperature 
relationships for the existing environ- 
ment and extended this type of environ- 
ment to future operations involving 
aircraft with maximum speed at Mach 
3 and maximum altitudes of 70,000 ft. 
He discussed several types of cooling 
system including ram cooling, single- 
stage air cycle refrigeration, expendable 
liquid cooling, and two-stage refrigera- 
tion systems. He indicated on a Mach 
Number-altitude scale where each of 
these types of cooling would be applic- 
able for equipment with several different 
surface temperature limitations. 


Mr. Welch’s paper was entitled ‘‘Cool- 
ing Procedures Necessary to Avionic 
Reliability.’’ First, he discussed the 
details of the mechanism of heat trans- 
fer within various avionic heat sources 
such as vacuum tubes, resistors, trans- 
formers, -inductors, transistors, etc. 
He then discussed the natural heat flow 
paths and compared the methods of 
cooling electronic equipment such as 
natural cooling, free convection radia- 
tion, forced air cooling, direct liquid 
cooling, and vaporization cooling. Mr. 
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Welch described experiments to measure 
the heating problems associated with 
some avionic components and then dis- 
cussed the possibilities of requiring con- 
stant temperature environment for 
certain of these components, such as 
transistorized equipment. He des- 
cribed a special technique in thermo- 
electric cooling, showing an example of 
a Peltier cooling thermopile which pro- 
duced a temperature drop of 16°C. 
with an apparent efficiency of 17 per 
cent at 1.2 watts, indicating a possible 
use for cooling transistors. The audi- 
ence response in questions and discus- 
sion on these two papers on the problem 
of cooling electronic equipment was 
great; unfortunately, time did not per- 
mit it to be carried to its finality. 

The third paper was titled ‘‘The 
Impact of Electronic Equipment on 
Electric Generator Design and Aircraft 
Power Plants.”” It was written by 
Henry Rempt and M. J. Cronin of the 
Lockheed Aircraft Corporation and was 
presented by Mr. Rempt. The growth 
in man-hours, cost, and weight of the 
electronic system in typical aircraft was 
shown for the period 1940-1955. Dur- 
ing this time, the electronic system has 
grown from 214 to more than 10 per 
cent by weight, from 16 to more than 
48 per cent in cost, and from 11)4 to 
38 per cent in man-hours. With this 
great growth in the importance of the 
electronic system in aircraft, Mr. 
Rempt illustrated some of the details 
of equipment design, location, and per- 
formance in the aircraft; he particularly 
concentrated on the problems associated 
with turbojet and turboprop aircraft. 
Messrs. Cronin and Rempt’s paper, 
punctuated with a good deal of the type 
of humor which experience generates, 
was well received by the audience. 

The final paper of the session on 
electronics was written by R. J. Hender- 
son, and G. P. Allison of The Glenn L. 
Martin Company. It was entitled 
“Aircraft Electronic Equipment, Con- 
toured Versus Standard”’ and was pre- 
sented by Mr. Henderson. In this 
paper were highlighted some of the 
problems which the aircraft designer 
faces in the installation of electronic 
equipment for high-performance air- 
craft. The relative balance was dis- 
cussed between the cost of extensive 
electronic system repackaging to fit a 
particular aircraft versus the penalty in 
reliability and other performance pa- 
rameters involved when repackaging is 
done. The authors suggested that, 
since the shape of aircraft during the 
next decade was known approximately, 
a practical set of standard packaging 
shapes for electronic equipment could 
be established to permit more flex- 
ibility in the installation. They sug- 
gested an approach in the standardiza- 
tion of extremely small elements of 
equipment—to be assembled in larger 
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Sales ond Engineering Offices: 1378 Moin Avenue, Clifton, N. J. 
Midwest Office: 188 W. Randolph Street, Chicago, fll. South Central Office: 6115 Denton Drive, Dallas, Texas 
West Coost Office: 253 N. Vinedo Avenve, Pasadena, Calif. 
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tailored packages for particular instal},. 
tions. Admittedly, this paper wa 
somewhat of a first cut at this problem 
of standardization, and it accordingly 
generated lively discussion and som 
measure of disagreement. All cop. 
cerned, however, agreed that anything 
that could be done to improve this situa. 
tion would be of great help. 


Engineering Management 
Philosophies 


by 
Edward A. Ledeen 


Engineering Administration 
Wright Aeronautica! Div. 
Curtiss-Wright Corp 


A topic new to the agenda of the 
Annual Meeting, engineering manage. 
ment philosophies, was presented as an 
open-forum panel 
discussion at the 
afternoon meeting on 
January 23. The 
meeting was opened 
with the reading of 
four short papers by 
B the members of the 


panel: Clarence 
Linder, Vice-Presi- 
dent—Engineering, General Electric 


Company; Robert Furhman, Chief, 
Technical Section, Ryan Aeronautical 
Company (substituting for Frank Fink); 
Willis Hawkins, Director of Engineering, 
Missile Systems Division, Lockheed Air- 
craft Corporation; and George Trimble, 
Vice-President—Engineering, The Glenn 
L. Martin Company. 

Mr. Linder’s paper, ‘“The Engineer's 
Share in Success,” discoursed upon the 
interrelationship of engineers and man- 
agement, proper communication be- 
tween the two, and the responsibility of 
management to provide recognition, 
means of self-development, and integra- 
tion of engineering personne! with other 
aspects of the entire corporate struc- 
ture to create a harmonious foundation 
for progress. 

Mr. Trimble presented ‘‘A Guiding 
Principle for Engineering Manage- 
ment,’ a discussion covering the need 
for individualistic “‘liberty’’ in the form 
of freedom of action in the fields of re- 
search and development, coupled witha 
balance of ‘‘justice’’ in the form of guid- 
ance and supervision. 

Mr. Furhman delivered a paper on 
‘Engineering Management Philosophies 
toward the Engineering Shortage’”’ that 
had been prepared by Frank Fink, Vice: 
President and Chief Engineer of Ryat 
Aeronautical Company. The use 
nonengineering personnel, analog and 
digital computers, and other engineer: 
ing tools and aids was presented as 4 
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F-84F: swept-wing, Super 


A new standard in smooth, comfortable flight for jet aircraft has 
been established with the use of the first volume-produced resilient 
mountings for jet engines. Lorp bonded rubber mountings are being 
used to isolate engine vibrations on the F-84F “Thunderstreak”’. 

The entire 2500-pound weight and 7200-pound thrust of the power 
plant, a Curtiss-Wright J65 jet engine, is carried by the specially- 
designed Lorp three-point suspension system. The Lorp bonded 
tubber engine mountings were designed to withstand the extremely 
high operating temperatures. 

On most of our modern aircraft—jet, turboprop and reciprocating 
—Lorp mountings provide increased comfort and greater safety 
through the reduction of noise level and pilot fatigue from vibrations. 
For more information on Lorp bonded rubber products, call your 
nearest Lorp Field Engineer, or write the home office, Erie, Pa. 


-fast and smooth 


designers 


and producers 


of bonded 

rubber 

products 
eR since 1924 


SONDED 


NEW YORK, N. Y. - Circle 7-3326 * PHILADELPHIA, PA. - LOcust 4-0147 

CLEVELAND, OHIO - SUperior 1-3242 * DAYTON, OHIO - Michigan 8871 

DETROIT, MICH. - TRinity 4-2060 ° CHICAGO, ILL. - Michigan 2-6010 

DALLAS, TEXAS - Riverside 3392 » LOS ANGELES, CAL. - HOllywood 4-7593 
“In Canada— Railway & Power Engineering Corporation Limited” 


LORD MANUFACTURING COMPANY « ERIE, PENNSYLVANIA 
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means toward implementing the en- 
gineering staff. Assistance to educa- 
tors and elimination of duplication of ef- 
fort inside and outside the plant were 
other approaches discussed to achieve 
the same goal. 

Speaking on ‘‘New Responsibilities of 
Science and Engineering in Weapon 
System Development,” Mr. Hawkins 
outlined the technical and _ scientific 
functions which must now be performed 
in creating new weapon systems. He 
touched briefly upon the contributions 
required from scientists, designers, and 
project managers to achieve the team- 
work required in present-day weapons 
systems development. 

Following the presentation of the 
four prepared papers, the meeting was 
opened for discussion from the audience. 
A lively participation resulted with 
comments from many of the 262 persons 
present. Among the contributors to 
the discussion were W. K. Ebel, Cana- 
dair, Ltd.; J. H. Sidebottom, Flight Re- 
fueling, Inc.; Ernest G. Stout, Ralph M. 
Parsons Company, Inc.; Scott Hall, 
British Ministry of Supply; Joel Jacob- 
son, Aircraft Armaments, Inc.; and 
B. R. Teree, The Weatherhead Com- 
pany. 


Flight Safety and Training 
by 


Jerome Lederer 


Director 
Flight Safety Foundation, Inc. 
and Cornell-Guggenheim Aviation 
Safety Center 


Held in cooperation with The Daniel 
and Florence Guggenheim Aviation 
Safety Center at Cornell University, the 


session flight 
safety and training 
featured three 
papers: 

“Crash Fire Pre- 
vention — Research 


to Flight Test,” pre- 
sented by I. J. Ham- 
mill with E. R. Zeek, 
both of Walter Kidde 
& Company, Inc., detailed the design 
and development of the mechanisms 
for the NACA crash fire prevention sys- 
tem. Main features of the system de- 
veloped by Kidde soon to be flight 
tested on C-119 aircraft include new 
fuel shut-off valves, a coolant installa- 
tion for hot engine-exhaust parts, an 
ignition-source inerting system, and 
special engine-reaction and_aircraft- 
deformation switches to actuate the 
crash fire prevention system only when 
the aircraft is in contact with the ground. 
With some modification, Mr. Hammill 
reported, this system is applicable to jet 
aircraft. 


In conjunction with this discussion, a 
color film was shown of the original 
NACA C-82 crash-tests to determine 
the sources of ignition in a survivable 
type of crash. 

“Helicopter Flight Trainer,” pre- 
sented by Adm. Luis de Florez of The 
de Florez Company, Inc., detailed the 
studies and methods employed to arrive 
at a practical training device to aid 
conversion of fixed-wing pilots to heli- 
copter techniques. Admiral de Florez 
pointed out that hovering had proved 
to be the most difficult maneuver for a 
pilot to master. An analysis of this 
problem indicated that visual simula- 
tion was a primary requirement, with 
kinesthetic clues (roll, pitch, vertical 
accelerations, etc.) of little importance. 
Further research showed an adequate 
illusion of motion could be created by a 
light ‘‘point source’ projection tech- 
nique. A working model proved that 
an illusion of flight could be created 
synthetically by this simple projection 
which would be adequate for hovering 
training. 

A prototype device, designed and 
built as a result of The de Florez Com- 
pany study, is being installed at NAS, 
Pensacola, Fla., for evaluation. 

“Safety and Economie Aspects of 
Flight Simulators,’’ was the paper pre- 
sented by Allen F. Bonnalie of United 
Air Lines, Inc. In discussing the use 
of electronic mechanical flight simulators 
in air-line training programs, Mr. Bon- 
nalie reported that his company had 
found the simulators to be the finest 
tool available for (1) training new crew 
members, (2) conditioning crews for 
new aircraft, (3) upgrading copilots, 
(4) disclosing possible need for better 
cockpit organization, and (5) proficiency 
training of both flight and ground 
crews. United’s preference, he stated, 
is for ‘‘whole task’’* simulators rather 
than ‘“‘part task.’”” The Convair 340 
and DC-6 simulators are in operation 
23 hours a day, 7 days a week. Main- 
tenance is performed by factory-trained 
electronic technicians and includes pro- 
gressive overhaul plus periodic test flying 
with the airplane to ensure verity of 
simulation. 


Use of simulators for training, Mr. 
Bonnalie explained, releases line air- 
craft for revenue-producing flights in- 
stead of tieing them up on training mis- 
sions. Economically, therefore, the use 
of simulators offers all air lines a dollar 
advantage, as well as a flight-safety 
advantage. United estimates that the 
use of simulators in its 1956 training 
program will provide a total net gain of 
$2,171,800, accruing from both training- 
cost savings and the earning potential 
of plane hours saved by the use of simu- 
lators rather than actual line aircraft. 
The company expects to have a DC-8 
flight simulator in operation a full year 


1956 


before the first DC-S training plane goes 
into operation. 

Mr. Lederer closed the interesting 
discussion with a short NACA color 
film on ‘‘Crash Loads’ which showed 
the ‘‘G-forces’’ encountered by occu- 
pants of aircraft in crashes. 


Guided Missiles 


by 
Brig. Gen. Marvin C. Demler, USAF 


Assistant Deputy Commander 
Research and Development 


Headquarters, ARDC 


For this session, the speakers at- 
tempted to consolidate unclassified in- 
formation into interesting and instruc- 

tive packages The 
Air Research and 
Development Com- 
mand of the United 
States Air Force ap- 
preciates the mutual 
benefits derived from 
exchanging informa- 
tion with the scien- 
tific community and 
desires to encourage this activity within 
the framework of security regulations. 

All of us, as citizens of the United 
States, face the stark facts that the cur- 
rent international situation requires our 
maintenance of superior military air 
power; the U.S.S.R. has placed great 
emphasis on science and basic research 
to develop advanced air weapons; quali- 
tative superiority of United States air 
power requires accelerated effort by 
American science and industry; our 
scientific and aeronautical engineering 
training programs must be enlarged; 
we must, within the framework of a free 
economy, encourage more efficient use 
of the engineering and scientific man- 
power now on hand; and, like the 
Soviets, we must stimulate the desire 
for scientific careers in our youth. We 
must, in the words of Lt. Gen. Thomas 
S. Power, Commander of the ARDC, 
“create the picture of a ‘Davy Crockett’ 
of science, the modern pioneer fighting 
on the frontiers of human knowledge.” 

Today’s guided missile is a far cry 
from the Sperry-Kettering pilotless air- 
craft of 1918. The guided-missile era 
did not begin in earnest until the intro- 
duction of the V-1 and V-2 by the 
Germans in 1944. Had these been 
equipped with nuclear warheads, the out- 
come of World War II might well have 
been decided in favor of the Germans. In 
the ensuing years, the United States has 
expended much effort in catching up 
with—and overtaking—German tech- 
nology. We certainly will-not have 4 


“second chance” in the future. Our 
effort is aimed at qualitative, rather 
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The right people 


with the right facilities 


produce the 
right solutions 
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Component of Airborne Countermeasure System. 


“Packaged”’ 


to deliver top performance — 


anywhere 


HIS ““PACKAGE” CAN GO anywhere, 
7 any time, in modern, high-perform- 
ance aircraft, and deliver effectively in 
America’s defense. It is an electronic 
countermeasure system. Designed, en- 
gineered, and “‘packaged” for minimum 
weight, the equipment provides maxi- 
mum reliability and top performance 
under extreme conditions of humidity, 
altitude, shock, vibration, and tempera- 
ture differential. 


Engineered in the Buffalo Engineering 
Laboratory of Sylvania’s Electronic Sys- 
tems Division, this highly advanced elec- 


Observing measurement of circuit parameters in the 
Electronic Systems Division’s Buffalo Engineering 
Laboratory. From left: H. C. Tittle, Manager 
—Buffalo Operations; M. C. Scott, Manager— 
Buffalo Engineering Laboratory; R. 
Assistant Product Engineering Manager and A. W. 
Puttick, Product Engineering Manager. 


——SYLVANIA IS LOOKING FOR 


Sylvania has many opportunities in a wide range 
of defense projects. If you are not now engaged 
in defense work, you are invited to contact 


W. Ferry, 


tronic system employs subminiature 
tubes, transistors, and printed circuits in 
a package which is itself subminiaturized. 
Despite its complexity of design and pur- 
pose, it is engineered for quantity pro- 
duction in the Division’s Buffalo plant. 


In all of Sylvania’s Electronic Systems 
Division installations, the right people 
work with the right facilities, within a 
sound managerial environment. That is 
why they have produced the right solu- 
tions to a variety of problems, and have 
made such important contributions in 
the fields of aviation electronics, guided 


in this industrial center at 175 Great 


ENTERPRISING ENGINEERS 


Edward W. Doty, Manager of Personnel, Elec- 
tronic Systems Division, Sylvania Electric Prod- 
ucts Inc., 100 First Avenue, Waltham 54, Mass. 


Buffalo En- 
gineering Labora- 
tory and manufac- 
turing facilities 
occupy nearly 170,000 
square feet of floor space 


Arrow Ave., Buffalo 7, New York. 


missiles, countermeasures, communica- 
tions, radar, computers and control sys- 
tems. Whether the problem is military 
or industrial, Sylvania’s business is to 
come up with electronic solutions that 
are producible. 


In addition to its Buffalo Engineering 
Laboratory and manufacturing facilities, 
the Electronic Systems Division has in- 
stallations at Waltham, Mass., and 
Mountain View, Calif., staffed with top- 
ranking scientists and engineers, and 
backed by Sylvania’s extensive resources 
in the electronics field. 


SYLVANIA ¥ 


LIGHTING RADIO 


ELECTRONICS 


TELEVISION 


SYLVANIA ELECTRIC PRODUCTS INC. 
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than quantitative, objectives and, there- 
fore, is directly dependent upon a dy- 
namic research and development pro- 
gram. 


The advent of the guided missiles will 
complement manned aircraft much as 
field artillery has complemented hand- 
carried weapons in the past. Missiles 
will not supplant manned aircraft in 
the Air Force arsenal in the foreseeable 
future. Present plans call for the use 
of air-to-air missiles to increase the 
kill probability of manned aircraft, tac- 
tical missiles to supplement the abilities 
of our tactical bombers, ground- 
launched interceptor missiles to protect 
our own resources from attack, air-to- 
surface missiles for our strategic bom 
bers, and intercontinental missiles to 
supplement the power of the Strategic 
Air Command. 


Guidance and propulsion are two areas 
where considerable technical effort has 
been applied because of the unique re- 
quirements of missiles. Guidance sys- 
tems generally differ, depending upon 
whether flight paths can be prepro- 
grammed against fixed targets or must be 
established to collide with maneuvering 
targets. Those systems which can be 
preprogramed may use celestial or iner- 
tial navigation principles, as well as 
radio or radar techniques. Guidance 
against maneuvering targets demands 
continuous information on the line of 
sight and angular rate of the line of 
sight. Such information can be ob- 
tained only by equipment which con- 
tinually ‘‘sees’” the target. Your Air 
Force, through industry and educa- 
tional institutions, is achieving a con- 
siderable degree of success in making the 
step from the rudimentary guidance 
systems developed in Germany more 
than a decade ago to the systems which 
are under development today and 
which will make each missile count. 


Ram-jets and rockets, both solid and 
liquid, are finding extensive application 
in guided missiles. The principal rea- 
son for this is the inherent reliability 
of these types of power plants for one- 
shot applications. The solid rocket, of 
,course, represents the ultimate in sim- 
plicity and reliability in aircraft propul- 
sion. Its development problems are 
associated with obtaining high perform 
ance and reducing the cost of solid 
fuel. The liquid rocket finds applica- 
tion where compactness is of primary 
importance. Reliability considerations 
have greatly influenced the mode of de- 
veloping these liquid rockets. Ram-jet 
development has proved the feasibility 
of this type of power plant. It finds 
application where high speed, high alti- 
tude, and longer range are important. 
On the basis of current knowledge, we 
can assign each type of power plant to a 
specific role in the guided-missile ar- 
senal. 
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Articles have appeared recently which 
indicate that the ultimate goal of top 
military planners is the intercontinental 
ballistic missile. This is but a means 
of gaining time—time to be used by 
our Government to assert its influence 
in world affairs for the establishment of 
a permanent and lasting peace based on 
the dignity of the individual human 
being. Truly, this is the ultimate goal 
of all of us. 


Helicopter Dynamics 


Alexander H. Flax, Chairman 


Assistant Director 
Cornel! Aeronautical Laboratory, Inc. 


This session, cosponsored by the 


American Helicopter Society, offered 
four papers. 


George W. 
NACA’s 
Aeronautical Lab- 
oratory, presented 
the first one, ‘“‘Ana- 
| lytical Determina- 
© tion of the Natural 
Coupled Frequencies 
of Tandem Helicop- 
ters.” His analysis 
included the follow- 
ing degrees of freedom: fuselage trans- 
lation, pitching, and bending; rotor 
blade translation, flapping, and bend- 
ing; and engine translation. Sample 
calculations for a typical helicopter were 
presented to show the effects of signifi- 
cant parameters, as well as the agree- 
ment between the calculated and meas- 
ured coupled frequencies. 

R. H. Miller, of Massachusetts Insti- 
tute of Technology, and C. W. Ellis, of 
Kaman Aircraft Corporation, collab- 
orated on a study of ‘‘Helicopter Blade 
Vibration and Flutter.” The effects of 
steady elastic flapwise and lagwise 
bending deflections were investigated 
and the influence of the first elastic flap- 
wise bending mode considered. It was 
shown that the blade instabilities, either 
flutter (oscillatory) or divergence (in- 
stability), may occur even if the blade 
c.g. is ahead of the aerodynamic center 
and elastic axis. It was further shown 
that periodic shear transmitted to the 
hub and periodic bending moments in 
the blade may be appreciably reduced 
by a proper combination of blade mass 
balance and torsional natural frequency. 

Abner Rasumoff, of the Aircraft Divi- 
sion, Hughes Tool Company, delivered 
a paper on “Minimization of Rotor 
Blade Cyclic Stresses by Variation of 
Spanwise and Chordwise Mass Distri- 
bution.’”’” Spanwise mass distribution 
was shown to affect primarily blade 
beamwise natural frequency and to be 
important for control of blade resonance 
effects. The primary effect of chord- 
wise mass distribution is to produce a 


Brooks, of 
Langley 
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twisting of the blade as a result of g 
coupling with blade flapping and bend. 
ing motion, and thereby to produce 4 
cyclic airload that appears to have the 
effect of damping the cyclic bending 
motion. Discussing substantiating 
model and flight tests of the XH-17 helj 
copter, the author said that, in the cage 
of the XH-17 rotor blade, blade cyclic 
stresses were reduced 35 to +45 per cent 
in all flight regimes tested. This wa; 
accomplished by adding a concentrated 
mass, equivalent to 6 per cent of the 
blade weight, to the blade leading edge 
near the first mode nodal point. 

The last paper presented the joint 
work of Hamilton Daughaday and 
Frank Du Waldt, of Cornell Aeronav. 
tical Laboratory, Inc. It was titled 
“The Effect of Blade Root Properties 
on the Natural Mode Shapes, Bending 
Moments, and Shears of a Model Heli. 
copter Rotor Blade.” Recent data for 
articulated rotor blades have called at- 
tention to the existence of considerably 
higher vibratory bending moments than 
were generally expected in the region of 
the blade root and attachment fitting 
The authors showed that the first mode 
bending moment distribution and the 
corresponding vibratory forces _ trans- 
mitted to the fuselage are much influ- 
enced by the moment of inertia of the 
root flapping fitting and to a compara. 
tively small extent by root bending 
stiffness. High root moment peaks and 
large fuselage exciting forces are found 
when the root inertia is large. 


Helicopter Test 
and Development 


by 
Nicholas M. Stefano 


Chief, Rotary Wing Section 
Fairchild Engine and Airplane Corp. 


The first paper of the session was 
presented by the author, John E. Yeates, 
Jr., Research Scientist, Langley Aero- 


nautical Labora- 
tory, NACA. The 
title was “A Discus- 
sion of Helicopter 
Vibration Studies 
Including Flight- 
Test and Analysis 


Methods Used to De- 
termine the Coupled 
Response of a Tan- 
dem Type.’ The importance of this 
paper arises from the fact that it pre- 
sents test results of the first application 
to helicopters of two important vibra- 
tion engineering techniques—namely 
(1) forcibly vibrating a structure in 
flight to determine the response of the 
complete dynamic system and (2) 
analysis of the test results by power 
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READY 


FOR 


OUTER SPACE... 


The missile that can fly right out of 
this world is no longer years away. 


AC is working now with top 
scientists and engineers, translating 
dreams and theory into electronic 
circuits capable of directing missiles 
to the outer reaches of space. 


AC stands in the very front lines of progress with an 
enviable record of outstanding successes in electro- 
mechanical research, engineering and production. 


AC is ready now — not tomorrow, but today! 


THE ELECTRONICS DIVISION 


OF GENERAL MOTORS 
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New Flexonics Process 
Frees Formed Component Design 
From Conventional Limitations 


Check FLEXONICS 
for any of these 
components 


FLEXON® DUCTING, stand- 
ard or high strength corro- 
sion resistant steel, is avail- 
able in varying wall thick- 
ness in light gauges and in 
a complete range of sizes, 
with or without insulation. 
Elbow forming and rib re- 
inforced types can also be 
supplied, 


FLEXON® METAL HOSE, 
corrosion resistant steel, is 
manufactured in the broad- 
est varieties of sizes and 
types for all aircraft appli- 
cations. 


FLEXON® BELLOWS are 
made in an almost unlimited 
range of sizes and types to 
meet the most advanced 
requirements. 


FLEXON 
QUALITY 


ed in service and 


1309 §. THIRD AVENUE, MAYWOOD, ILLINOIS 


Now, you can-approach ducting component 
design problems with new freedom of imagi- 
nation. You need not be tied down by the 
limitations of conventional fabricating meth- 
ods ... or by the problems of limited quantity 
requirements. Now, you can get precision, 
light weight stainless steel components in 
quantities from 3 to 3000 in a broader range 
of shapes than ever before .. . and at greater 
value than ever before. 

A new Flexonics process, developed out of 
54 years’ manufacturing experience, permits 
the economical fabrication of these elements 
to consistently close tolerances with controlled 
metal distribution. The components are 
formed in one piece from Flexon tubing—not 
half shells—resulting in unusually high tensile 
strength and unusually wide latitude in con- 
figuration. 

If you use components of the types illus- 
trated above, check with your Flexonics 
representative before you buy. Prices and 
delivery will be a pleasant surprise. Complete 
design and engineering service is available 
when required. 

RFA-28 


AIRCRAFT 
DIVISION 


FORMERLY CHICAGO METAL HOSE CORPORATION 


Manufacturers of flexible metal hose and conduit, expansion 
joints, metallic bellows and assemblies of these components. 


In Canada: Flexonics Corporation of Canada, Ltd., Brampton, Ontario 


NEERING REVIEW—APRIL, 


spectral density analysis (or generalizg 
harmonic analysis) using magnetic tape 
recording equipment and a continuous} 
scanning band pass filter device, called, 
power spectral density analyzer, de 
veloped by the NACA.* 

As shown in a paper presented in the 
helicopter dynamics session (*‘Analyticg 
Determination of the Natural Couple 
Frequencies of Tandem Helicopters 
by George W. Brooks), the verticg 
vibratory motion of a helicopter, in the 
vicinity of the cockpit, results from 
modes involving a considerable amount 
of blade motion. Since the blade stiff. 
ness is a function of rotor speed, it was 
discovered that the vibration charae. 
teristics of the helicopter could not ly 
adequately established by ground test. 
ing. Accordingly, a technique was de. 
vised for establishing these characteris. 
tics in flight. Since the ship appeared 
to be responding principally to a 3 pe 
rev rotor loading, a shaker was mounted 
on the front rotor gear box to excite 
vertical motion and was designed to tra. 
verse a frequency band from 8 to I] 
cycles per sec. over a period of 1 min. 
The oscillograph record showed that an 
ordinary Fourier analysis is not possible 
because the records did not repeat in 
cyclic fashion. This does not present 
any problem if the power spectral den- 
sity analysis is used. The oscillograph 
data is transferred to magnetic tape, a 
closed loop of tape is used from that 
part of the record of interest, and the 
tape is run on the electrical equipment 
to give a plot of power spectral density 
versus frequency. The fundamental 
equation for measuring the response is 
then given by 


Output (due to shaker) 
Shaker Input 
Total Output — Natural Output 
Shaker Input 


where the variables noted are obtained 
from a power spectral density analysis of 
each item. A plot of Response vs. Fre- 
quency is then made, revealing the 
fundamental vibration 
of the ship. 


characteristics 


In the case investigated, it became ap- 
parent that a small change in rotor speed 
resulted in a marked variation in the 
characteristics of the dynamic system, 
further emphasizing the value of this 
“in-flight” testing technique. 

Mr. Yeates suggested 
provements in the techniques which are 
worth a study of the paper and its refer- 


several im- 


*This device, and associated equip- 
ment, was described in the paper, ‘‘Analog 
Equipment for Processing Randomly 
Fluctuating Data,”’ by Francis B. Smith, 
AERONAUTICAL ENGINEERING REVIEW, 
May, 1955, pp. 113-119 
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| depends on it... 


. .. Nothing is left undone to make the 
Relief Valve in the fuel pump, the Safest, 
the most Dependable, the Lightest valve 
possible with today’s skills and materials. 


Fluid Regulators Corp. is a Major De- 
signer and Producer of Relief Valves for 
jet fuel pumps. 


Designers and Producers 
of Aircraft Hydraulic 
and Fuel Valves. 


250 E. MAIN STREET ¢ PAINESVILLE, OHIO 
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ences by those whose field of interest is 
helicopter vibration engineering. The 
application possibilities of ‘‘proba- 
bility distribution,” ‘‘power spectral 
density,”’ and ‘‘cross spectral density” 
in helicopter vibration work seem limit- 
less. 

The second paper, given by Charles F 
Rice, was entitled ‘Investigation of 
Whirl Test Methods for Inducing Flight 
Fatigue Loads in Helicopter Rotors.” 
Mr. Rice is Chief of the Rotor Project 
and Test Section, Propeller Laboratory, 
Wright Air Development Center, 
Wright-Patterson AFB, Dayton, Ohio. 
He pointed out that the extended whirl 
test is the . accepted approach to es- 
tablishing bearing life, lubrication re- 
quirements, substantiation of most rotor 
hub components; determining overhaul 
periods; and checking a multitude of 
detail design items under reasonably 
simulated operating conditions.” 

Mr. Rice then explained that, despite 
this situation, the most severe flight 
fatigue conditions are not reproduced in 
the whirl test and that bench-type tests 
«ic used to overcome this defect, but 
the inevitable compromises in attempt- 
ing to simulate the actual loading leave 
much to be desired. Oscillation of the 
swash plate at several times rotor 
speed and use of a propeller slipstream 
directed tangentially into the rotor disc 
appear to offer a solution to the prob- 
lem. However, the swash plate oscilla- 
tion method imposes excessive loads 
upon the control system on both teeter- 
ing and articulated rotor systems, and, 
in the case of teetering rotors, rotor 
shaft bending stress levels also are too 
severe. The propeller slipstream 
method is satisfactory for both types of 
rotor. However, for large rotors the 
propeller installation and operation it- 
self may be a limiting factor. Further 
development is due in this field. 

The author concluded that whirl test 
excitation methods are useful test pro- 
cedures but must tentatively be con- 
sidered as supplementary to the ‘“‘non- 
excited” endurance whirl tests and 
bench tests since many component fail- 
ures are discovered in these tests at 
“‘moderate”’ loads. 

This reporter would like to hasten the 
day when an “excited” whirl] test will 
be used to substantiate all the rotor 
components. This paper represents a 
vital contribution in that direction 

R. H. David, Power Plant Design 
Specialist, Hiller Helicopters, presented 
the third paper, ‘Design and Flight 
Test Development of McCulloch VS- 
57 Supercharger Installation on Hiller 
Model UH-12B Helicopter.” R. W 
Cowgill, Chief Flight Test Engineer, 
and R. D. Collins, Flight Test En- 
gineer, both of Hiller Helicopters, were 
joint authors with Mr. David. 


Within the last few years, helicopter 
users have demanded increasingly better 
vertical take-off ability at high altitudes 
and high temperatures. Supercharg- 
ing or larger engines are the only solu- 
tions, aside from a rather complete re- 
design of the rotor system which would 
compromise other helicopter charac- 
teristics. 

The solution chosen in this case was 
an external supercharger, driven by the 
tail rotor drive system. The reasons 
for this choice, as given by Mr. David. 
were ‘‘low cost of components, low de- 
velopment costs, relatively short de- 
velopment time, retrofit possible for 
helicopters already in operation, and 
immediately available components.” 

Difficulties had been expected in 
adapting the McCulloch VS-57 automa- 
tive supercharger in the following areas: 
(1) engine cooling, (2) engine detonation, 
(3) carburetor action due to pressuriza- 
tion, and (4) structural limitations of the 
tail rotor drive. 

Engine cooling and detonation tests 
established that there were no problems 
in those areas. Carburetor problems 
were solved by use of a pressure and 
temperature compensating carburetor 
(Marvel MA4-5AA). The structural 
limitations were resolved. The main 
difficulties were associated with the 
supercharger drive and controls. Se- 
lection of a single operational speed for 
the supercharger and redesign of a 
pulley drive system and clutch between 
the tail rotor drive and impeller solved 
the drive problem but introduced induc- 
tion system airflow and pressure prob- 
lems. These problems were solved by a 
throttle valve on the supercharger out- 
let and an air dump valve between the 
throttle valve and the carburetor, the 
air dump valve being linked to the car- 
buretor throttle to dump air when the 
demand for air was low. 

The net result is a relatively econom- 
ical installation which raises the hover- 
ing ceiling (out of ground effect) of the 
helicopter from 3,200 to 8,100 ft. The 
presentation was candid and to the 
point, and the information is particu- 
larly timely. 

The fourth paper was entitled ‘“‘Ex- 
perimental Study of a Tandem Heli- 
copter Employing Cocked Vertical 
Blade Hinges.’’ It was presented by 
the author, Peter F. Leone, Chief 
Vibrations Engineer of the Kellett 
Aircraft This experi- 
mental study was ‘‘...motivated by the 
quest for a device which would eliminate 
the rotor ground instability at high 
partial air-borne conditions experi- 
enced by a conventional helicopter 
employing low offset, uncocked vertical 
blade hinges and air-oil shock struts in 
its landing gear.’ The device selected 


Corporation. 


1956 


was a blade lag hinge the vertical axis 
of which is canted at the top, in the 
direction of rotor rotation. The cant 
angle (or az angle), as measured from 
the vertical, is 45°. It was found that 
the effective damping constant could 
be halved, without danger of “ground 
resonance,”’ from zero rotor lift to take. 
off; whereas, with full damping and 
zero a2 angle, ‘‘ground resonance’ 
could be excited at 60 to 82 per cent of 
take-off collective pitch, depending 
upon rotor speed. An important point 
is that the original lag hinge design 
included a lag hinge spring. The 
value of this was halved also in the case 
where a. = 45°. However, it was 
established that the kinematic effect of 
the spring and the a angle of 45° was 
a coupling between the rotor blade flap- 
ping and lag motions, and the dy- 
namic effect was an increase in the natu- 
ral frequency of that mode primarily 
involving lag motion. There was no 
change in the frequency of the mode pri- 
marily involving flapping. 

The test results, when ‘plotted, 
showed many effects of the cocking of 


the vertical hinge. Most effects wer 
slight and, apparently, not readily 
predictable. However, the critical 
flight blade bending moments in the 
flapping direction and lag direction wer 
affected both favorably and unfavor- 
ably, leading to the conclusion that 
indiscriminate use of cocked vertical 
hinges is not recommended. There is 
a possibility, however, in the opinion 
of the reporter, that this research may 
lead eventually to the elimination of 
lag hinges in articulated rotor blades. 
The author and his firm, and _ the 
sponsors—the U.S. Army and_ the 
Bureau of Aeronautics—are to be com- 
mended for making this research public 
knowledge so quickly after the results 
were established. 


Historical Activities 
Meeting 


Several early airmail pilots joined in 
this discussion, reminiscing on their 
experiences in flying the mail in open- 
cockpit biplanes. The panel speakers 
were Walter Braznell and Si Bittner of 
American Airlines, Inc.; W. D. Williams 
of United Air Lines, Inc.; H. T. (Dick) 
Merrill of Eastern Air Lines, Inc.; 


Frank E. Niswander of Trans World 
Airlines, Inc.; and Charles I. Stanton 
of Bell Telephone Laboratories. The 
Moderator was Ernest A. Cutrell of 
American Airlines. 
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“No unit can be seen simultaneously 
in its entirety.” 
Euclid; Ist. theorem of optics. 


2076 eyes 


custom optics 
in quantity 


Lenses ready 
for coating 


It doubtless took ages to develop the Dragonfly’s many 
faceted eye. Today, at Kollsman, highly complex optical 
systems such as photoelectric trackers, periscopic sextants, 
telescopes for radar bombing systems, and others, are not 
only designed expeditiously, but are produced in quantity. 


COMPLETE DEVICES AND SYSTEMS 
Critical wide angle photographic lenses 


Kollsman represents something new in optics. This is be- 


(11 elements) cause the Kollsman Optical Department, established in 
Binoculars 1940, grew up within a company devoted for over 28 years 
Large 7x50 for marine use to designing and producing some of the most complex 
Small 6x20 for sportsmen instruments and controls in the aviation industry. Aviation 
get tops se aa moves as fast as tomorrow’s guided missile. It is this quality 
Drift Sights of up-to-dateness you will find in our entire optical 


Sextants operation. 
Periscopic * Hand held * Photoelectric 


Periscopes used on anti-aircraft Skysweepers Here we have the finest talents and tools to be found any- 


Telescopes used in radar bombing where for the solution of your optical problems. Consult us 
and navigation systems without obligation on any or all phases of 
Astrocompasses * Photoelectric Trackers 
Sky Compasses DESIGNING + DEVELOPING + TESTING + PRODUCING MODERN OPTICS 
COMPONENTS 
Lenses, windows and mirrors, diameters 4 inch 
to 3 feet, flatness 1/10 wavelength parallelism 
fractions of a second 
Aspherical objectives and mirrors TE for ochure 
Collimating objectives 2076 Eyes 


Cones and rods for ranging devices 

Hyper- and hypo-hemispherical sighting domes 

Prisms: Roof, Retro, Porro, Dove; Amici, Leman, 
Abbe, penta, rhomb, etc., of high resolution 
and minimal pyramidal and angular errors 


Annular prismatic scales * Special reticles 


kollsman INSTRUMENT CORPORATION 


80-08 45th AVE., ELMHURST, NEW YORK © GLENDALE, CALIFORNIA 
sussipiary of Standard coi PRODUCTS CO. INC. 
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Hypersonics 


by 


Kantrowitz 


Arthur 


Professor, Graduate School 
of Aeronautical Engineering 
Cornell University 


The hypersonics session at the Insti- 
tute meetings this year reflects the 
growing interest in very-high-speed 
flight. The four 
papers presented 
covered some of 
the most signifi- 
cant problems in 
this relatively new 
field. The first 
two presentations 
were theoretical 
analyses of the in- 
viscid flow in the ‘‘shock layer’’—.e., 
between the body surface and the bow 
shock. To round out the program, the 
third and fourth papers presented 
experimental results on viscous and 
thermal effects at high Mach Num- 
bers. 


In the first paper, Prof. Ting-Yi- Li 
of Rensselaer Polytechnic Institute and 
Richard Geiger of General Electric 
Company discussed the inviscid stagna- 
tion point flow on a blunt body of 
revolution moving at hypersonic speeds. 
The paper was presented by Mr. 
Geiger. Solutions were obtained by 
solving the momentum and continuity 
equations with the use of hypersonic 
simplifications in the incompressible 
flow region near the stagnation point. 
Solutions for two-dimensional and 
axially symmetric bodies were pre- 
sented, giving the shock separation dis- 
tance, velocity distributions, and surface 
pressures near the stagnation point. 
The results were shown to agree with 
recent investigations of Lees and Hayes, 
and comparison with available experi- 
mental information was made. Unfor- 
tunately, most of the experimental 
results do not yet extend to flow veloci- 
ties high enough to satisfy clearly the 
hypersonic flow assumptions. The 
method is applicable to dissociated 
gases, provided the incompressibility 
assumption is not violated. 


The next presentation, by Prof. 
Wallace D. Hayes of Princeton Univer- 
sity and consultant to the Ramo- 
Wooldridge Corporation, considered the 
inviscid hypersonic flow problem for 
regions farther away from the stagna- 
tion point. Using hypersonic flow 
assumptions, as well as the assumption 
of constant stream tube area, Professor 
Hayes gave approximate solutions for a 
body of revolution. Considerable dis- 
cussion was prompted by the fact that, 


at a certain critical shock angle, singu- 
larities appeared in the solutions. The 
speaker pointed out that these solutions 
with singularities are analogous to the 
solutions for incompressible flow under 
gravity. Eggers remarked that in work 
currently being done at the NACA 
Ames Laboratory it has appeared that 
the exact shape and position of the sonic 
line has a strong effect on the solutions, 
which did not appear to be the case in 
Hayes’s method. Animproved analysis 
relaxing the constant stream tube 
assumption and an iterative scheme for 
using the method were suggested by the 
speaker. 


The next paper was a report of a 
careful experimental investigation on 
leading-edge shock wave—boundary- 
layer interaction in the GALCIT 5 by 5 
Mach 5.8 wind tunnel. Presentation 
was made by James J. Kendall, Jr., 
Research Associate at the California 
Institute of Technology. Care was 
taken to obtain a sharp leading edge and 
thus minimize the leading-edge effect on 
the induced pressure. This makes these 
results particularly significant for com- 
parison with the interaction theory. 
Measurements of induced pressures were 
made by orifices on the plate surface, 
and profiles of flow variables were cal- 
culated from impact pressure surveys at 
various distances downstream of the 
leading edge. It was pointed out that 
the weak interaction theory predicts 
induced pressures somewhat lower than 
the measured values. In addition, the 
total drag is higher than the zero pres- 
sure gradient value near the leading 
edge but approaches that value down- 
stream. 


__In the final paper, Eva M. Winkler 
presented the results of heat transfer 
and pressure measurements in the 
Mach Number range 5-8 made at the 
NOL Hypersonic Wind Tunnel. J. E. 
Danberg of NOL was coauthor of this 
paper. Various wall to free-stream 
temperatures were used, and the Rey- 
nolds Number range, based on model 
diameter, was 10° to 108. The models 
were hemisphere cylinders instrumented 
with pressure orifices and surface ther- 
mocouples. A tendency for the 
measurements to show slightly higher 
than expected heat-transfer rates at 
about 11° and 40° from the free- 
stream direction was noted by the 
author. This evoked considerable dis- 
cussion, though the experimental evi- 
dence is not conclusive. 


Instruments 


by 
Charles F. Savage 


Consultant, Professional Relations 
Engineering Personnel Department 
General Electric Company 


This program was characterized by 
two frames of reference—the large 
number of highly qualified authors of 
the papers and 
the large number 
of persons who 
attended the 
meeting evidenc- 
ing the high 
level of interest 
in instruments and 
instrumentationas 
an important fac- 
tor in the progress of aviation. 

While the program listed four papers 
by title, there were actually five with 
some subject interrelation. 

The first two papers, ‘‘The Precision 
Servo-Type Thermocouple Temperature 
Indicating System” by George H. Cole, 
Design Engineer, Minneapolis-Honey- 
well Regulator Company, and ‘“‘Dy- 
namic Consideration Relating to the 
Inertial Space-Stabilized Platforms” by 
Edward Gorszycki of the Sperry Gyro- 
scope Company Division, Sperry Rand 
Corporation, had for their subject mat- 
ter instrument systems which were not 
related to each other. The first, cover- 
ing the temperature indicating system, 
described a rather specific instrumenta- 
tion revolving about the high-perform- 
ance needs of jet engines. The general 
principles of the servo-type indicating 
system as actuated by thermocouples 
were described in some detail. The 
boundary conditions of operation in 
terms of accuracy, precision, speed of 
response, weight limitations, and other 
factors were also described. Since the 
descriptions were very specific, discus- 
sions centered around the types of 
thermocouple, speed of response, and 
presentation to the pilot. 

In contrast, the second paper was in 
the nature of a review of general 
principles to give those in the audience 
not familiar with space-stabilized plat- 
forms a better understanding of their 
operation, function, performance, and 
purpose. This was done with the aid 
of diagrams and slides. The actual 
paper covered in mathematics the 
principles of operation described by Mr. 
Gorszycki. Because the terminology 
was unfamiliar to some, discussion cen- 
tered about the orientation of the plat- 
form with respect to space and any 
reference thereto with any vertical or 
earthbound orientation. _ 

The next two papers on the program 
illustrated the manner in which products 
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im 
HELICOPTERS... 
it takes more 
today 


Progress in helicopter design takes a lot more in bear- 
ing performance—and Shafer Aircraft Bearings are 
providing it for many of today’s advanced designs of 
rotary-wing aircraft. 
The three main reasons why Shafer is specified in 
helicopter design are: 
1) Automatic self-alignment—even under oscillatory 
loads. This Shafer advantage offers a welcomed an- 
swer to the most severe problem faced by the de- 
signer of this class of aircraft. 
2) Full capacity—xnder combined loads. Two rows of 
rollers enable Shafer Bearings to carry any combi- 
nation of radial-thrust loads on full contact area 
under all conditions of misalignment. 
3) Relubrication—without disassembly. Lubricating 


BEARING 
DIVISION 


Today’s Piasecki Turbo Transporter can 
carry more than five tons of cargo at a top 
speed of over 160 m.p.h. 


This early two-rotor helicopter was designed 
in 1920. Lifting its own weight was achieve- 
ment; stability was just a hope. 


groove and commuting hole through outer race en- 
able you to put lubricating fitting on mounting mem- 
ber and relubricate without removal or disassembly. 
These and many other specialized Shafer® Aircraft 
Bearing features can save valuable engineering time 
...Save space and weight in finalized design...and 
save time and expense in production man-hours. 
Why not see how they can save for you? Write, wire 
or call: Shafer Aircraft Bearing Division, 801 Burling- 
ton Ave., Downers Grove, Ill. Meanwhile, write for 


new full-color catalog No. 54. 


Double row shown. Also, single row 
bearing, rod end and torque tube bear- 
ings. Design features 10° plus or minus self- 
) alignment...easy relubrication without dis- 
assembly...high radial thrust load capacity 
| ,..exceptional shock-load reserve strength. 
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CHANCE VOUGHT F8U-1 


six hy-v/1 fuel booster pumps! 


Yes, that’s what keeps the soup going through 
the lines in the Chance Vought Crusader: one, 
two, three, four, five, six HY-V/L Pumps by 
Hydro-Aire. We’re not supposed to talk about 
the performance of the Crusader, except to hint 
that it’s fairly spectacular in an astounding sort 
of way. But we love to talk about the HY-V/L 
Pump. The HY-V/L is pretty astounding, too. 
It’s got Design Predictability. Can’t we talk to 
you about it? Write us a letter. 


HY fuel booster pumps 
a product of 


*VAPOR/LIQUID RATIO 


) ) who also make 

| | FUEL VALVES TURBO MACHINERY 

‘ | d | 

J 


HOT AIR VALVES ¢ hytrol 


BURBANK, CALIFORNIA e Aviation Subsidiary of CRANE CO. 


or principles having common opera. 
tional aspects can complement each 
other. Clarence A. Haskell’s paper, 
“Mass Flowmeter Summation System,” 
described a system which measures and 
indicates the total fuel-flow rate to all 
engines in multiengined aircraft and, ip 
addition, indicates the fuel-flow rate to 
each engine. The system provides a 
summation for two to eight engines and 
is completely automatic, requiring no 
calibration or adjustment in the air. 
craft. Knowledge of the rate of fuel 
consumption permits a running evalua- 
tion of engine performance and the com- 
putation of remaining flight time. It 
was this presentation on measurement 
or the computation of remaining flight 
time that tied this paper with those that 
followed. In addition, the summation 
system provided an output signal pro- 
portional to total flow rate for aircraft 
control functions, recorders, or flow rate 
integration. The system described 
measures true mass fuel-flow rate by 
utilization of a momentum principle and 
is therefore independent of the fuel 
density. Again, and because this was 
essentially a paper describing a product 
as well as a principle, it was possible to 
illustrate the flowmeter by means of 
attractive color slides. Discussion cen- 
tered on the unique parallel-series trans- 
former summation scheme and on the 
principles of operation of the flowmeter 
itself. Adequate reference material, as 
well as presentations on similar types of 
mass flowmeter, led to discussion of 
adopting this particular technique to 
more extensive use of flowmeters. 
Association with an outstanding expert 
in the field of flowmeters, Dr. Y. T. Li, 
was extremely helpful to the overall 
presentation of this paper. 

The highlight of the instrumentation 
program was the reading of the two 
following papers on the integrated sub- 
ject of cruise control for turbojet air- 
craft. ‘‘Programed Cruise Control,” 
written by Dr. Y. T. Li, A. J. Navoy, 
and Dr. Myron A. Hoffman, was pre- 
sented by Dr. Hoffman. The primary 
purpose of cruise control presentation 
for aircraft is to enable a pilot to obtain 
a maximum possible range. In order 
to accomplish this, the pilot must be 
provided with an accurate indication of 
the optimum cruise altitude and Mach 
Number, an effective technique for 
maintaining the aircraft in these con- 
ditions. The paper as presented first 
examined the basic cruise characteris- 
tics of turbojet aircraft and then 
briefly evaluated the present cruise con- 
trol aids. A relatively simple instru- 
mentation scheme based on certain so- 
called ‘‘invariant cruise parameters” 
was described. The invariant param- 
eter cruise technique required accu- 
rate performance data for the particular 
type of aircraft. This is inherently a 
program technique which takes advan- 
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THE POSITIVE MECHANICAL LOCK MAKES THE DIFFERENCE! 


Keystone 
lock prevents 
pin vibration 
or drop out. 


Positive 
drive-side 
inspection. 


One-piece 

keystone collar 

locks pin permanently 
in position. 


Close 
blind-side 


clearance Excellent 


sheet pull- 
together. 


The CKL blind rivet is the 
mechanical equivalent of a one 
piece, solid rivet when driven. 
It has excellent shear 
strength and the positive 
lock increases load-carrying 
capacity up to 60% in some 
applications. 


Your riveting problems are invited. 


Manufacturing Compan 


2480 BELLEVUE AVE. ¢ DETROIT 7, MICH. 
Phone WAlnut 1-6207 
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tage of certain unique characteristics of 
high-speed aircraft cruise. The accu- 
racy requirements, transient flight con- 
siderations, and data presentation prob- 
lems were discussed, with emphasis on 
providing simple cruise control instru- 
mentation to meet the immediately 
pressing needs of the current turbojet 
aircraft. Division of the concept of 
aircraft performance and limitations 
iuto three cruise categories—thrust- 
limited, Mach-limited, and a combina- 
tion of thrust and Mach-limited— 
appealed to the audience and occasioned 
much discussion. Discussion also de- 
veloped the fact that complicated 
high speeds of flight and the changing 
parameters of the cruise made it prac- 
tically impossible for the human element 
to do the necessary calculations so that 
a program of cruise control became 
almost a necessity. The work on this 
M.L.T. cruise control project was under 
Air Force sponsorship and the emphasis 
primarily on military problems and 
successful completion of various impor- 
tant classes of missions. However, the 
general cruise control principles de- 
veloped should prove of value to the 
commercial operation as well. 

The final paper, which was coordi- 
nated with the program cruise control 
paper and also fit very well with the flow- 
meter paper, was entitled ‘“‘Optimalizing 
Cruise Control for Turbojet Aircraft.” 
It was written by Dr. Y. T. Li, Anthony 
J. Navoy, and Dr. William B. Bryant, 
all of M.I.T., and was presented by 
Dr. Bryant. Based on the knowledge 
obtained from the previous paper, it 
was easy to follow the description of the 
cruise control problem of the long- 
range turbojet aircraft. This is synony- 
mous with the problem of adjusting 
air speed and altitude to maximize the 
instantaneous specific range. The tech- 
nique of optimalizing control provides 
an attractive automatic means for 
solving this problem without relying on 
previously obtained performance data. 
The characteristics of an optimalizing 
cruise control system utilizing a con- 
troller of a peak-holding type were 
described. The dynamic and interfer- 
ence effects were analyzed, and typical 
hunting performance curves were pre- 
sented. Effective inaccuracies in the 
fuel-flow and air-speed measurements 
and a discussion of safety features were 
included. Various points of interest 
were the typical flow rates versus air- 
speed relationships for turbo aircraft, 
the sources of interference which in 
the case of optimalizing cruise control 
is atmospheric turbulence, and the 
inaccuracies of instrumentation. Since 
the optimalizing controllers are de- 
signed to indicate the deviation of 
the specific range from its maximum 
value, the absolute scale of the specific 
range measurement is not relatively 
important. There was much discus- 


sion on the hunting techniques involved 
and on the status of the particular 
investigation. The paper pointed out 
that the application of optimalizing 
cruise control to the long-range turbojet 
aircraft is quite feasible. The theoreti- 
cal analysis as presented is to be sub- 
stantiated by the construction of an 
experimental optimalizing controller to 
be tested in flight. Only in this way 
will it be completely possible to evaluate 
the usefulness of this cruise control 
technique. 

The instrumentation session pointed 
the way for continued technical dis- 
cussions on this important subject by 
linking the instrumentation with the 
cause and effect on the air frame, pro- 
pulsion system, or navigational systems 
on aircraft of the future. 


Internal Flow 
in Jet Engines 


by 
Abe Silverstein 


Associate Director 


Lewis Flight Propulsion Lab., NACA 


Three papers were presented at the 
session on the internal flow in jet 
engines. 


The Chairman pointed out 
that aerodynamic 


problems associ- 
ated with pro- 
pulsion system 


installations have 
become vitally 
important in the 
development of 
supersonic air- 
craft. Among 
the critical problems are those of the 
air induction system. The inlet must 
be chosen to provide stable operation 
with high-pressure recovery and low 
drag while matching the engine airflow 
requirements over the flight range of 
Mach Number and altitude. In addi- 
tion, the combination of inlet and sub- 
sonic diffuser must provide a sufficiently 
uniform velocity at the compressor face 
to avoid prohibitive thrust losses and 
stall. The first paper of the session con- 
sidered the problem of obtaining high- 
pressure recovery and low drag. The 
second paper dealt with secondary flow 
in ducts which affects both pressure 
recovery and profiles. 

Numerous important aerodynamic 
problems are also associated with the 
jet discharge system. The jet exit 
nozzle must withstand high tempera- 
tures and at the same time have variable 
geometry for efficient operation over the 
flight range. The last paper dealt 
largely with the effect of jet-stream 
interactions on the net thrust of nozzle- 
afterbody combinations. 


1956 


Harry Drell of the Lockheed Air. 
craft Corporation presented the first 
paper, ‘‘Induction System Selection,” 
With speeds much above Mach 2, the 
cowl pressure drag of conventional 
external compression inlets designed 
for high ram recovery becomes very 
large. He stressed the need for develop- 
ment of internal contraction inlets to 
avoid these large drag penalties. 

The performance characteristics of 
different types of engine induction sys- 
tem were examined. Mr. Drell pointed 
out that the three-dimensional inlet has 
some inherent advantages in both 
recovery and drag over two-dimensional 
inlets. The results of a comparative 
analysis of external and internal com- 
pression inlets were then presented, 
Cowl pressure drags for external com- 
pression inlets were calculated assum- 
ing two-dimensional flow over the 
cowl contour; empirical factors were 
then used to correct the drags to three- 
dimensional values. Inlet pressure re- 
coveries were calculated. The analysis 
showed the internal contraction inlet 
to have a potential advantage of from 
20 to 50 per cent in net propulsive thrust 
and from 20 to 30 per cent in range, 
These gains were considered sufficiently 
large to justify the effort required to 
solve the difficult operational problems 
associated with the internal contraction 
inlet. 

‘Experimental and Analytical Inves- 
tigation of Secondary Flows in Ducts” 
was the subject of a paper by Howard Z. 
Herzig and Arthur G. Hansen of the 
NACA Lewis Flight Propulsion Labora- 
tory. A brief review of the three- 
dimensional patterns of boundary-layer 
secondary flows in curved ducts was pre- 
sented. Experimental investigations 
have indicated complex boundary-layer 
behavior with cross-channel flows due to 
boundary-layer separation and vortex 
roll-up phenomena. The authors selected 
boundary-layer overturning and vortex 
roll-up for this investigation. Exact 
solutions were obtained for the three- 
dimensional laminar boundary-layer 
flows under main flows consisting of 
streamline translates which can be 
represented by means of polynomials. 
Streamline paths and velocity profiles 
within the boundary layer were com- 
puted and compared for thick and thin 
boundary layers with several main 
stream configurations. Smoke studies 
at low Reynolds Numbers showed that 
the streamlines near the walls showed 
good agreement with the results of the 
analysis. 

The authors pointed out that the 
studies indicate a relation between 
vortex roll-up and the lifting of the side- 
wall boundary layer from the suction 
surface following cross flow to this 
surface. 

The last paper of this session was 
‘Some Aerodynamic Considerations of 
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(Actual size) 


a-c excitation 


i orientation 
magnet 


pivoted 
movable coil 


a-c output voltage 
proportional tod-c 
signal input 


d-c signal input 


WES/TO N 


NEW 
WESTON 


INDUCTION 
MODULATOR 


has no contacts 
* provides conversion gain 


* output wave form sinusoidal 


In contrast to conventional transducers, 
the compact light-weight Induction 
Modulator is of hermetically sealed-in 
construction, making it impervious to 
moisture, dust and other exposures. . . 
is never subject to contact troubles . . 
presents a constant resistance to the d-c 
signal input, and is unaffected by 
pick-up from stray fields. Further it is 
extremely rugged, sufficient to assure 
trouble-free service in airborne devices 
and other electronic equipment. 

For complete information write, 
Weston Electrical Instrument Corp., 
614 Frelinghuysen Ave., Newark 5, N. J. 
A subsidiary of Daystrom, Inc. 
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Nozzle-Afterbody Combinations” by 
Edgar M. Cortright of the NACA 
Lewis Flight Propulsion Laboratory. 
As flight speeds reach supersonic levels, 
it becomes increasingly difficult to 
achieve nozzle installations which are 
efficient over the entire speed range. 
Mr. Cortright pointed out that the 
nozzle and afterbody must be analyzed 
as a unit, and the complex effects of jet 
interaction with the external stream 
must be accounted for 

Nozzle requirements, types, and typi- 
cal installations were reviewed. Peak 
pressure ratios for separated turbulent 
boundary layers were discussed from the 
standpoint of predicting separation 
trends within nozzles during off-design 
operation and predicting base pressure 
when nozzles are surrounded by blunt 
bases. Characteristics of fixed con- 
vergent-divergent, ejector, and plug 
nozzles were described. It was pointed 
out that at operation below design 
pressure ratio the external flow can 
cause the nozzle flow to overexpand 
further than in quiescent air at the same 
pressure ratio. The amount of over- 
expansion and concomitant thrust 
losses depends both on the nozzle type 
and the installation. 

Jet interference effects on boattail 
and base pressures were then discussed. 
Jet effects on boattail pressures were 
shown to be relatively small at super- 
sonic speeds when the jet flow was prop- 
erly expanded internally, such as with 
a convergent-divergent nozzle. With 
such nozzles, it was shown that care 
must be exercised to avoid blunt annular 
bases because of the low base pressures 
which result. 


Meteorology 


by 
Arthur F. Merewether 


Superintendent of Weather Services 
American Airlines, Inc. 
President 
American Meteorological Society 


The joint session with the American 
Meteorological Society was _ held 
Wednesday morning, January 25, in 
the East Ballroom 
before a capacity 
audience. Five 
excellent papers 
were given. 

The first, by 
James K. Thomp- 
son of the Wright 
Air Development 
Center, pointed 
up the new problems that have 
developed in the exchange of informa- 
tion between the pilot and the weather 
forecaster resulting from increased air- 


craft speeds and, more particularly, 
from the increased range of speeds over 
which aircraft now operate. For ex- 
ample, the speed range of a typical jet 
fighter varies between 190 and 475 knots 
(indicated), depending on whether the 
aircraft is climbing, descending, or 
cruising. Asa result, critical icing tem- 
peratures vary widely—say, from — 14° 
in maximum climb near the surface to 
—2°C, in long-range cruise. Thus it is 
evident that in modern jet aircraft a 
pilot report of icing or a forecast of 
icing has little meaning unless the 
details under which these conditions 
occurred or are expected to occur are 
spelled out. In a similar fashion, Mr. 
Thompson discussed the turbulence 
problem, pointing out that the bumpi- 
ness which a pilot experiences and 
reports is a result not only of the true 
gust velocities but of several other 
factors, including aircraft speed, weight, 
wing area, and air density. Since the 
forecaster is primarily concerned with 
forecasting only the gust velocity, a 
basis for relating this parameter to 
pilot-experienced turbulence is neces- 
sary. A set of curves was shown which 
accomplishes this. 

The next paper was given by Charles 
Anderson on the ‘‘Physics of Condensa- 
tion Trails.’’ These trails are caused 
by the condensation of moisture in the 
exhaust and occur and persist under 
conditions of low ambient temperature 
and high relative humidity. The 
theory of jet wake mixing was applied 
to determine conditions most suitable 
for trail formation and _ persistence. 
Since upper air soundings do not pro- 
vide information on water content of 
the atmosphere at higher levels because 
of failure of the humidity element of 
radiosondes in extreme cold, it was sug- 
gested during the discussion that at 
least an approximation of the relative 
humidity might be obtained from the 
appearance and persistence of trails at 
these high levels. 

In Henry T. Harrison’s presentation 
of ‘“‘The Display of Hail Echoes on 5.5 
cm, Weather Mapping Radar,’ he 
showed numerous pictures of air-borne 
radar echoes with hooks and fingers 
where simultaneously hail was reported 
to be falling. These protuberances 
have a tendency to develop quickly, and 
a possible explanation was given as the 
sudden spewing out from the side or 
overhanging canopy of a cumulonimbus 
cloud of a hail shaft which falls not into 
the heart of the storm but on the edge. 

A rather impressive collection of 
statistics was presented by Mr. Harri- 
son to justify his belief that hail can be 
detected by air-borne radar in 4 out of 
5 times, at least in the general area 
east of the Rockies where United Air 
Lines’ experiments were performed. 

The highlight of the next paper, on 
“Implications of Convective Cloud 


1956 


Observations with Regard to Flight 
Operations with Air-borne Radar” by 
Louis Battan, was his suggestion that 
air-borne radar be modified to scan 
vertically, as well as horizontally. The 
advantage of this additional feature js 
that a pilot, while still at a safe distance 
from a thunderstorm, can determine 
the vertical extent of precipitation 
echoes, their vertical growth, and dis- 
tribution of echo intensity, all of which 
are indicative of the severity of the 
associated turbulence. Vertical scan- 
ning will also locate the ‘‘bright band’ 
that is, the altitude at which snow is 
melting, when such a phenomenon is 
occurring. Flight above this level will 
be in snow crystals and hence experi- 
ence no icing. 

The final paper was given by Frank 
Lewis, Headquarters, Air Weather Serv- 
ice, on ‘‘Minimal Flight Path from the 
Joint Numerical Weather Prediction 
Units.” He described procedures used 
at the Joint Numerical Weather Pre- 
diction Unit in Suitland near Washing- 
ton, D.C., where the IBM 701 electronic 
computer is used to predict minimal 
transcontinental flight paths. This is 
the computer which is used presently on 
an experimental basis for predicting 
pressure patterns for various levels. 
Such forecasts, already available, are 
utilized for determining the best time 
track at the 500-mb. level (about 
18,000 ft.). The process requires about 5 
min. of machine work. Later the 
machine will be programmed to provide 
forecasts at several levels. During the 
discussion, an interest on the part of 
some of the air lines was expressed in 
having these minimal paths and _fore- 
cast times transmitted over the tele- 
type network for comparison against 
actual flights now being made several 
times daily between Los Angeles and 

*San Francisco on the West Coast, and 
Washington and New York on the 
East Coast. 


Rocket Propulsion 


by 
D. F. Ferris 


Chief, Preliminary Design 
Reaction Motors, Inc 


In this session, held jointly with the 
American Rocket Society, we en- 
deavored to present papers on subjects 
of mutual inter- 
est to aircraft and 
missile designers 
and to rocket pow- 
er-plant _ people. 
The papers dealt 
with the demon- 
stration of reli- 
ability in liquid- 
propellant rocket 


THE 


STAR 
INTER 


Are 
New 
\ 

— 


AERONAUTICAL ENGINEERING REVIEW—APRIL 1956 119 


Are You One of the 728 Engineers Who Needs This 


New Verlable Delivery S7P ATO POWER 


HYDRAULIC PUMP 


This New Series 


65W 
STRATOPOWER 


HYDRAULIC PUMPS 
\ Answers Many of Your Demands for... 


The quiet efficiency of this new 65W Series of STRATO- LIGHTER WEIGHT 

POWER Variable Delivery Pumps excites the interest of 

design and project engineers because this efficiency spells s 

bett fo e. 

SMALLER ENVELOPE 

Again, STRATOPOWER has come forward with a signifi- 

cant development in hydraulic equipment, geared to your € 

advanced thinking. Compacted into a smaller envelope, 

and with a remarkably low weight/horsepower ratio, HIGHER SPEEDS 

STRATOPOWER 65W Pumps operate at system pressures & 

to 3000 psi and the smaller sizes at 10,000 rpm continuous 

speed! HIGHER ALTITUDES 

Whether your project concerns jet propelled aircraft, % 

rockets or guided missiles, consider STRATOPOWER 

Hydraulic Pumps as the heart of your Hydraulic system. HIGHER PRESSURES 
WATERTOWN ovvision 
THE NEW YORK AIR BRAKE ett) HIGHER TEMPERATURES 
STARBUCK AVENUE ° WATERTOWN: N.Y. 


INTERNATIONAL SALES OFFICE, 90 WEST ST., NEW YORK 6, N. Y. 
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MALLORY: SHARON reports on 


North American Aviation’s F-100 uses 
large quantities of Mallory-Sharon tita- 
nium and titanium alloys. 


We CERTIFY the metal 
that lets it fly faster 


@ Mallory-Sharon, a leading pro- 
ducer of titanium and titanium 
alloys, has helped this new material 
meet the demanding requirements 
of supersonic aircraft by quality 
proofs like these... 


Guaranteed machineability. One of 
the early bugaboos of titanium 
was the element carbon, which if 
present even in small quantities 
made the metal hard to machine. 
Mallory-Sharon introduced con- 
sumable-electrode double melting, 
which enables us to guarantee a 
maximum carbon content of one- 
tenth of one per cent. At this level 
titanium machines as readily as 
stainless steel. 


Certified Properties. By introducing 
statistical quality control methods 
to production, we’ve not only im- 
proved quality, but can certify 
physical properties of each heat 
within definite limits. This has 
simplified production tooling and 
reduced costs for fabricators. 

With improvements like these, 
titanium’s use is rapidly expanding 
. . . saving hundreds of pounds in 
aircraft weight . . . or serving as a 
corrosion-resistant material in other 
products. For quality you can 
depend on, call us for your re- 
quirements in strong, lightweight, 
corrosion-resistant titanium. 


MALLORY-SHARON TITANIUM CORPORATION, NILES, OHIO. 


MALLORY 


SHARON 


REVIEW—APRIL, 


1956 


engines, ballistic missile performance. 
and improved on-off missile stabiliza. 
tion. 


The problem of achieving and demon- 
strating reliability in a liquid rocket 
engine is made difficult, particularly in 
ballistic missile applications, because 
of the impossibility of directly monitor- 
ing the power plant during flight or of 
recovering the power plant in the event 
of an unsuccessful flight. There are 
means for measuring the performance of 
a power plant and telemetering these 
data back to ground during the flight of 
a missile, but, while this must be used 
as the final proof of satisfactory opera- 
tion, it is an extremely expensive and 
cumbersome approach to use during 
development. For this reason, there 
has been increasing emphasis on: the 
study of methods of demonstrating and 
achieving rocket power-plant reliability 
during development programs by simu- 
lating as nearly as possible combinations 
of the worst flight conditions and apply- 
ing statistical methods to hold the 
required testing within reasonable 
bounds and yet demonstrate the desired 
degree of reliability. The paper pre- 
sented on this subject, entitled ‘‘Demon 
stration of Reliability in Liquid Pro- 
pellant Rocket Engines,’’ by A. G. 
Thatcher and H. A. Barton of Reaction 
Motors, Inc., described a method for 
testing rocket engine systems by attri- 
butes following the methods of sequen- 
tial analysis. The method was briefly 
outlined and the test plan discussed. 


The task of calculating ballistic mis- 
sile performance can be a tedious one 
and is one that must frequently be per- 
formed in preliminary design work. It 
would be desirable to have at hand a 
means of performing such a calculation 
with less effort and time. The second 
paper, entitled ‘‘Ballistic Missile Per- 
formance,’ by J. William Reece, R. 
David Joseph, and Mrs. Dorothy Shaf- 
fer, all of the Cornell Aeronautical 
Laboratory, presented a semianalytical 
method for calculating the range for 
one-stage ballistic rocket, surface-to- 
surface missiles which is applicable over 
a range of 50 to 500 nautical miles. 
The authors stated that the method pro- 
vides a simple approximation to a com- 
plex problem and that the results are 
presented in a form which enables 
calculations to be made rapidly for use 
in preliminary design work. 


The third paper, entitled, ‘‘Improved 
On-Off Missile Stabilization,” by Robert 
W. Bass of Princeton University, pre- 
sented a new synthesis procedure for 
on-off control systems by means of 
which the delays due to time lag and 
hysteresis in the relay or contactor can 
be completely eliminated. 
tem has been used successfully on the 
Viking rocket in the form of small jets 
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ENGINEERS... 


Take that ten year ahead look. There’s 
a fine career opportunity in the engi- 
neering field you like best waiting for 
you at Douglas. 

And what about the Douglas Aircraft 
Company ? It’s the biggest, most suc- 
cessful, most stable unit in one of the 
fastest growing industries in the world. 
It has giant military contracts involv- 
ing some of the most exciting projects 
ever conceived...yet its commercial 
business is greater than that of any 
other aviation company. 

The Douglas Company’s size and 
variety mean that you'll be in the 


DOUGLAS 


LOOK TEN YEARS AHEAD: 


3 Will your income 

—_ allow you to live in a home 

like this...spend your 
leisure time like this2 


: They can...if you start your 
career now at Douglas! 


A Douglas engineer lives here 


and location 


work you like best —side by side with 
the men who have engineered the finest 
aircraft and missiles on the American 
scene today. And you'll have every 
prospect that ten years from now you'll 
be where you want to be career-wise, 
money-wise and location-wise. 

For further information about opportunities 
with Douglas at Santa Monica, El Segundo and 
Long Beach, California and Tulsa, Oklahoma, 
write today to: 

DOUGLAS AIRCRAFT COMPANY, INC, 

C. C. LaVene, 3000 Ocean Park Blvd. 


Santa Monica, California 
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of decomposed peroxide for attitude 
control, and it is expected that future 
ballistic missiles and high-altitude air- 
craft will make increasing use of this 
system. It is hoped that this paper will 
contribute to the ease with which such 
systems can be analyzed and designed 
and that it will stimulate further inter- 
est in this area, 


Structures 


by 
Walter Ramberg 
Chief, Mechanics Division 
National Bureau of Standards 


This structures session differed from 
previous structures sessions in focusing 
attention on the mechanics of fracture 
in aircraft mate- 
rials and_ struc- 
tures. Four 
papers were pre- 
sented. 

The first paper, 
entitled “Frac- 
ture Mechanics: 
The Relation of 
Crack Extension 
Force to Onset of Fast Fracturing,” 
was prepared by the well-known team of 
students of fracture, George Irwin, 
Waller George, and Joseph Kies. The 
paper was presented by Mr. George. 
The authors showed that the stresses 
near the leading edge of a crack are 
proportional to V Eg/k where E is 
Young’s modulus and g is a property of 
the material having the dimensions of 
stress which the authors call ‘“‘crack 
extension force."” A high value of g 
indicates that relatively high stresses 
are required to produce a rapidly 
spreading fracture, just as a high yield 
strength indicates that relatively high 
stresses are required to produce plastic 
yielding in ductile materials. The 
authors concluded with a tabulation of 
values of g for several aircraft materials. 
These showed very high values for 
titanium and much lower values for 
steels, particularly at temperatures well 
below room temperature. 

The second paper was concerned with 
the closely related but more specific 
problem of designing aircraft structures 
to be more resistant to rapidly prop- 
agating fracture or ‘‘tearing.”” The 
paper was entitled “Some Design Con- 
siderations for Tear-Resistant Airplane 
Structures” and was presented by Arne 
Sorensen of the Boeing Airplane Com- 
pany. Mr. Sorensen described tear 
tests on specimens of various widths up 
to 30 in. in which cracks were induced 
artifically by saw cuts, as well as tests 
of full fuselage sections subjected to 
fluctuating pressures. A value of ‘‘tear 
resistance’? was obtained from these 
tests by applying an analysis similar to 
that developed in the previous paper. 


In all cases, the tear resistance was found 
to be characteristic of the sheet and was 
independent of the width of the speci- 
men. The tear resistance increased 
with increasing sheet thickness, It was 
greater for stressing in the direction of 
the grain than at right angles to that 
direction. It was extremely high for 
titanium and was greater for 24ST 
aluminum alloy than for 75ST alumi- 
num alloy. In conclusion, Mr. Soren- 
sen pointed out the effectiveness of 
heavy stiffeners in stopping cracks and 
presented general guide lines for design- 
ing aircraft structures for greater tear 
resistance. 

The third paper, by L. W. Lassiter, 
R. W. Hess, and H. H. Hubbard of the 
NACA Langley Aeronautical Labora- 
tory, dealt with the stressing of riveted 
panels by intense sounds characteristic 
of aircraft power plants. The paper, 
entitled ‘‘An Experimental Study of the 
Response of Simple Panels to Intense 
Acoustic Loading,’ was presented by 
Mr. Lassiter. The authors found that 
measurements of response of simple 
panels to the noise from a jet engine at 
levels of about 160 db. were in agree- 
ment with values calculated by the 
power spectrum procedure due to Miles. 
Curved panels showed a markedly dif- 
ferent response to high sound intensities 
than flat panels, apparently because of 
the decrease in stiffness for inward dis- 
placements. Radiation damping by 
absorbent materials near the back of 
the panels, but not in contact with the 
metal, had a marked effect on the 
response. The authors succeeded in 
producing fatigue cracks with the sound 
from a laboratory siren. They il- 
lustrated this with a film showing the 
genesis of cracks near rivet holes along 
the edge of a square panel and the 
spreading of these cracks into the inte- 
rior of the panel with continued exposure 
to the intense sound of the siren. 

The last paper was presented by 
John W. Cox of The Glenn L. Martin 
Company and was entitled ‘Structural 
Behavior of Seaplane Hull Bottom 
Plating.”” Mr. Cox began with a film 
showing landings and take-offs of a 
flying boat in rough water to bring home 
the intense transient pressures to which 
the hull bottom plating is subjected 
whenever the bottom hits a wave. He 
then proceeded to show how fatigue 
tests of small and relatively inexpensive 
specimens could be used to estimate the 
fatigue life under the fluctuating pres- 
sures characteristic of landing and take- 
off. The results of fatigue tests on 
about 300 specimens were plotted as 
S-N (stress versus cycles to failure) 
diagrams which were tied in with fluc- 
tuating pressure tests on large sheet 
stringer panels simulating hull bottom 
construction. The stress distributions 
and the failures in the small specimens 
were found to be of the same type as for 


the large specimens. The tests in. 
dicated that extreme fiber stresses of 
more than 110,000 lbs./in.? can be sus- 
tained elastically in 75S-T6 aluminum 
alloy under the biaxial stress existing 
in bottom plating under pressure, 
The paper was concluded with design 
charts and formulas based on these tests, 

The presentation of each paper was 
followed by comments from at least two 
discussers from the floor, indicating the 
constant concern of aircraft designers 
with the puzzling problem of fatigue 
fracture in service. 


Thermal Stress Analysis 
by 


George Gerard 


Asst. Director, Research Division 
College of Engineering 
New York University 


Overflow attendance at a session de- 
voted exclusively to thermal effects 


on aircraft structures is indicative of the 4 


broad area of new 
and intriguing 
problems facing 
structures _engi- 
neers in the design 
of aircraft for hy- 
personic _ flight. 
Three of the pre- 
sentations at this 
session were con- 
cerned with thermal stresses and the 
fourth with torsional rigidity losses of 
aerodynamically heated thin wings. 

In “Thermal Stresses and Defor- 
mations in Beams,’’ Dr. Samuel Levy 
presented general formulas for comput- 
ing thermal stresses and curvature in a 
long beam when the rise in temperature 
at any location in the beam cross section 
is given and when the coefficient of ex- 
pansion and Young’s modulus are 
known functions of temperature. Com- 
puted results are given for both uniform 
and gradient temperature distributions 
in rectangular solid and box beams. 
Simplifying assumptions for computing 
temperature distributions were sug- 
gested and used to derive formulas for 
determining the temperature, maximum 
tensile stress, maximum compressive 
stress, and curvature as a function of 
time for a wing beam heated from one 
side. 

The presentation by Martin A. Gold- 
berg entitled ‘‘Investigation of the 
Temperature Distribution and Thermal 
Stresses in a Hypersonic Wing Struc- 
ture’’ was viewed from the standpoint 
of the flux into the system. It was 


considered to vary sinusoidally with 
time and to remain constant with posi- 
tion, being equal to the heat flux en- 
tering the section at a station midway 
between the stiffeners of a multicell 
wing. 
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Jet history was made on December 7, 1955 when the 
first Wichita-built B-52 Stratofortress was rolled from 
Boeing’s Wichita plant. This giant was completed four 
months ahead of the original Air Force schedule . . 
representing a unique achievement in planning, engineer- 
ing and production. 


Foote Bros. is proud to have played a part in making 
this accomplishment possible. The stabilizer trim mech- 
anism, flap drive assembly, wing flap screw assemblies 
and angle gear boxes for this model plane are some of 
the many precision assemblies currently being produced 
by Foote Bros. to meet the complex requirements of 
today’s near sonic, sonic and supersonic aircraft and 
guided missiles. They represent the very finest in engi- 
neering, manufacturing technique, quality control and 
reliability. 


Aircraft industry leaders look first to Foote Bros. for 
precision gearing and geared assemblies such as control 
surface actuators, jet engine gears, propeller pitch control 
gears, canopy actuators, and accessory drive units, It will 
pay you, too, to see Foote Bros. first for your precision 
requirements. 


| ov | 
In- L | 
«Ror | 
ting e 
Sign 
Sts. & é | 
was ote 
two 
the 
ners 
igue 
de- , | 
ling 
ign 
eer 
na 
ure 
ion | 
| 
| 
| 
| 
| 
| 
} 
| 


124 


AERONAUTICAL ENGINEERING REVIEW—APRIL 1956 


CANNON 
bulkhead save wiring... 
RECEPTACLES less trouble 


Socket Contacts 


Pin Contacts 


positive protection and convenience 


The Cannon units shown here permit you to handle 
aircraft pressure- problem bulkhead connections with 
single pre-assembled units...connections to bulkhead 
mounted apparatus, or connections through bulkhead. 
And, you don’t have to assemble separate parts. You 
get them complete, with less parts, easy to install, easy 
mating, easy to maintain. 


with “Double-Faced”’ inserts... 
pins one side...sockets other side 
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The BFP. . . Withstands differential pressure of one at- 
mosphere. Pressurized ‘‘AN"’ inserts of plastic material. 


BFPandBFR 4.2 shell sizes. 15 inserts. 


Bulkhead The BFR ... Resilient materia] inserts. 12 shell sizes. 
Receptacle 15 inserts. 


and the ALL-NEW TBF-K with 
oH | “Double-Faced” pin inserts 


The Cannon TBF-K is all new... and an- 
other Cannon FIRST! Pin inserts in both 
sides. Quick disconnect. Single piece shell. 5 standard Cannon ‘‘K”’ in- 


Front view Rear view 


Write for Cannon Electric Bulletins...NOW! 
Cannon Electric Company, 3209 Humboldt Street, Los 
Angeles 31, California. Factories in Los Angeles; New 
Haven; Toronto, Canada; London, England. Representa- 
tives in all principal cities. 


Refer to Dept. 105 


Since 1915 


Temperature and thermal stress dis. 
tributions were presented in dimension- 
less parameters for a typical flight plan, 
The thermal stresses in a multicell sec. 
tion are affected most seriously by the 
ratio of web depth to the span of the 
skin. As this ratio increases, the ther- 
mal stress in the web passes through a 
maximum then decreases, whereas the 
stress in the flange increases, eventually 
reaching a maximum. The variation 
of thermal stress caused by changing 
the other geometric ratios does not ap- 
pear to be as significant as the above. 

Dr. Buford E. Gatewood in ‘‘Ap- 
proximate Procedures for Transient 
Thermal Stresses in Missile Structures” 
presented simplified procedures for de- 
termining thermal stresses in typical 
structures. The four-dimensional tem- 
perature and thermal stress problem in- 
volving time and three space variables 
was approximated by two idealized 
structures in which (1) time is the only 
variable and (2) time and one space di- 
mension are the two variables. The 
temperature variation and_ thermal 
stress variation in these two structures 
were obtained for various assumed skin 
temperatures, heat sources, and edge 
restraints. The results are plotted ina 
nondimensional form in terms of a non- 
dimensional material, geometry, and 
time parameter. 

Dr. Bernard Budiansky and Jean 
Mayers discussed the ‘Influence of 
Aerodynamic Heating on the Effective 
Torsional Stiffness of Thin Wings” by 
noting the loss of torsional stiffness that 
may result from thermally induced axial 
stresses. Theoretical results were pre- 
sented for the effective torsional stiff- 
ness of solid wings of symmetrical double- 
wedge cross section accelerated to super- 
sonic speeds. It was indicated that 
serious losses of torsional stiffness may 
occur in such wings. The influence of 
various parameters such as Mach 
Number, acceleration, and thickness 
ratio were discussed. 


VTOL Aircraft 


by 
Capt. William C. Fortune, USN 


Head, Air Branch 
Office of Naval Research 


This session related to short take-off 
and landing (STOL) or vertical take-off 
and landing (VTOL) of propeller- 
driven aircrait 
in the conven- 
tional attitude, 
not tail-sitting. 
It was shown by 
laboratory an- 
alyses, design stu- 
dies, and pictures 
of actual full-scale 
model demon- 
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TO THE FINE ENGINEERING MIND 
SEEKING THE CHALLENGING PROJECTS IN 


STRUCTURES 


STRUCTURES ENGINEERS are offered un- 
usual career opportunities at Convair, in 
beautiful San Diego, California, in new, long- 
range projects associated with the require- 
ments of high-speed flight. Thermal stress, 
creep and fatigue considerations have opened 
fields in design and analysis which are new 
and inviting to the engineer with a good back- 
ground in basic structural and material con- 
cepts. Current openings at all levels in design 
and research groups. Excellent facilities are 
available in structural test laboratories for sub- 
stantiation of theories. Advanced electronic 
computers, both analog and digital, are at the 
disposal of structures personnel. 


CONVAIR offers you an imaginative, explora- 
tive, energetic engineering department...truly 
the “engineer's” engineering department to 
challenge your mind, your skills, your abilities 
in solving the complex problems of vital, new, 
long-range programs. You will find salaries, 
facilities, engineering policies, educational op- 
portunities and personal advantages excellent. 
SMOG-FREE SAN DIEGO lovely, sunny city 
on the coast of Southern California, offers you 


and your family a wonderful, new way of life 


...a way of life judged by most as the Nation’s 
finest for climate, natural beauty and easy 
(indoor-outdoor ) living. Housing is plentiful 
and reasonable. 


Generous travel allowances to engineers who are accepted. Write at once enclosing 
full resume to: H. T. BROOKS, ENGINEERING PERSONNEL, DEPT. 516 


A Division of General 


CONVAIR 


Dynamics Corporation 


3302 PACIFIC HIGHWAY °* SAN DIEGO, CALIFORNIA 
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stration flights that medium-speed, 
shorthaul aircraft can be built with these 
capabilities today. The high thrust to 
weight ratios which will be attainable 
soon will foster a new breed to fill in the 
gap between helicopter and runway- 
bound, fixed-wing designs of current 
knowledge. 

A summary of the papers presented 
is given below. Mr. Kuhn gave the 
NACA paper and Dr. Raspet the Mis- 
sissippi State College one. W. Step- 
niewski of the Piasecki Helicopter Cor- 
poration reviewed the hovering and 
pay-load characteristics of the various 
designs discussed, on the basis of fuel 
flow per hour per pound of thrust, and 
pay load to gross weight ratios versus 
hover times and cruise speeds. A. N. 
Petroff of Cessna Aircraft Company 
and Jos. Stuart, III, of Hiller Heli- 
copters had prepared other comments, 
but time did not permit hearing them. 
The assistance rendered by Al Satin of 
the Air Branch, ONR, in arranging the 
excellent coverage of the papers de- 
serves mention. 

“Examination of Some of the Problems 
Involved in the Design of Propeller- 
Driven Vertical Take-Off Transport 
Airplanes,” by Marion O. McKinney, 
Jr., Richard E. Kuhn, Jerome B. Ham- 
mack, all Aeronautical Research Sci- 
entists, Langley Aeronautical Labora- 
tory, NACA, was the first paper. For 
the past 5 years, research especially 
applicable to propeller-driven vertical 
take-off transport airplanes has been 
under way at the Langley Aeronautical 
Laboratory. This paper summarized 
this work, which covers stability and 
control, propellers, and the aerody- 
namic characteristics of wing-propeller 
combinations. The paper concluded 
with an illustrative example of a hypo- 
thetical airplane design laid out on the 
basis of information available to date 
and indicates that it is possible to de- 
sign a vertical take-off transport air- 


plane with a useful degree of perform- 
ance. * 

The next paper dealt with ‘‘Some 
Considerations of the STOL Airplane”’ 
and was written by Walter Tydon, 
Chief Engineer, Fairchild Aircraft Di- 
vision, Fairchild Engine and Airplane 
Corporation. It gave the concept of a 
STOL airplane and typical performance 
objectives for the transport category. 
Past developments were reviewed and 
certain major design problems deli- 
neated. For example, the new landing 
technology, such as forced circulation 
vectored slipstream and tilting pro- 
pellers of possible application to these 
problems, was discussed. Apparent ad- 
vantages of the STOL airplane over 
VTOL types were pointed out, and a 
résumé of needed additional research 
was presented 

“An Application of the Ducted Pro- 
peller to a Vertical Take-Off Transport 
Airplane,’’ by James A. O'Malley, Jr., 
Project Aerodynamicist, Bell Aircraft 
Corporation was read next. This paper 
applied the concept of vertical take-off 
and landing, which has been developed 
with the Bell jet VTOL air test vehicle, 
to a medium transport airplane powered 
by ducted propellers. The application 
of this type of horizontal attitude VTOL 
configuration to the transport category 
was discussed and the feasibility of using 
ducted propellers developed in terms of 
hovering efficiency and cruising econ- 
omy. The general characteristics of 
hovering transition stability and con- 
trol between jet and ducted propeller 
types were emphasized, and the feasi- 
bility of reaction control devices and 
manual control during hovering were 
considered. 

A typical VTOL transport configura- 
tion was presented. This airplane was 
discussed in terms of gross weight, pay 

* “Problems in the Design of Propeller- 
Driven Vertical Take-Off Transport Air- 
planes,” by M. O. McKinney, R. E. 
Kuhn, and J. B. Hammack, appears in 
full in this issue on pp. 68-75. 


load, range speed, take-off, and landing 
performance. A_ typical 
site was discussed. 

The highlights of the Bell jet VTOL 
experiments with the air test vehick 
were illustrated by flight-test movies oj 
this airplane, and the application oj 
these experimental findings to the trans. 
port configuration was delineated. 

“Delay of the Stall by Suction 
Through Distributed Perforations,”’ by 
August Raspet, Head; J. J. Cornish, 
III, Aerodynamicist; Glenn D. Bryant, 
Aeronautical Engineer; all of the Aero- 
physics Department, Mississippi State 
College, was the concluding paper of 
the session, 

Considerable effort had been applied 
to high lift boundary-layer control in 
Germany. This work is well sum. 
marized by Stuper in NACA TM 1232, 
Since the war, domestic interest in this 
work has been inspired by the Air 
Branch, ONR, notably in the applica- 
tion of the Arado system to the Cessna 
170 and the Cessna L-19. In general, 
both the single slot system reported by 
Stuper and the Arado system were 
found to be extravagant of energy for 
the boundary-layer control system. 

The system using distributed suction 
through perforations permits an ulti- 
mate economy of boundary-layer con- 
trol power to be obtained. In this 
paper the authors described the method 
for designing the suction distribution 
which permits high lift to be obtained 
on a small airplane with a suction power 
of only 2 hp. The performance of a 
Piper L-21 modified for such a system 
is such that the take-off distance over a 
50-ft. obstacle is reduced by 42 per cent 
with the suction power taken from the 
engine. 


operational 


A perforated surface suction boun- 
dary-layver control system applied to the 
Fairchild C-119 was also described. 
Preliminary design calculations illus- 
trate both the economy of suction 
power and the lift augmentation of the 
system. 


Member Price, $3.50 
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IAS News 


(Continued from page 37) 


Harold E. Bauer (M), of Douglas 
Aircraft Company's Santa Monica Divi- 
sion, has been promoted to Field Station 
Supervisor at Holloman Air Development 
Center, Holloman AFB, N.M. 


Arnold R. Beckhardt (M) has been 
promoted to Project Engineer at the 
Airborne Computer Laboratories of Inter- 
national Business Machines Corporation. 


William O. Boschen (AM), Vice- 
President—Sales, Avien, Inc., has been 
named Assistant General Manager, as well. 


E. J. Catchpole (TM), formerly a Stress 
Analyst with Vickers-Armstrongs Ltd., 
Weybridge, England, has joined Aero 
Research Limited, Duxford, Cambridge, 
as Personal Assistant to the Managing 
Director. 


Joseph J. Dysart (AF) has_ been 
appointed Assistant Chief Project Engi- 
neer for the DC-8 jet transport at the 
Santa Monica Division of Douglas Air- 
craft Company, Inc. Previously, he was 
Assistant Chief Project Engineer for the 
DC-7 series. 


George M. Goldman (AF) has joined 
Avco Manufacturing Corporation as Head 
of the Operations Analysis Section, 
Advanced Development Division. He 
was formerly Chief of the De ign Criteria 
Section, Structures Branch, Aircraft 
Laboratory, WADC, Wright-Patterson 
AFB. 


Frederick H. Guterman (M) has been 
named Assistant Vice-President of the 
Arma Division of American Bosch Arma 
Corporation. Previously, he was Assistant 
Vice-President for Sales. 


Lloyd W. Harris (M) has been promoted 
to Assistant Chief Pilot of Lockheed Air- 
craft Corporation’s Georgia Division. 


Emerson W. Conlon, FIAS, has been 
named General Manager of Curtiss-Wright's 
newly acquired Turbomotor Division. He 
was formerly with Fairchild Engine Division. 


Edmund T. Price, MIAS, has been elected 
Chairman of the Board of Solar Aircraft 
Company. He was formerly President and 
General Manager. 


Major Donald H. Hilker, USAF (TM), 
has been appointed Chief of the Manage- 
ment and Resources Division, Directorate 
of Procurement, Headquarters ARDC, 
Baltimore. He was formerly stationed at 
Wright-Patterson AFB, where he com- 
pleted the USAF Institute of Technology's 
graduate course in Engineering Adminis- 
tration. 


Major J. Vivian Holman (M), of Chal- 
fonte St. Peter, Bucks, England, has been 
appointed Aeronautical Consultant to The 
General Fire Appliance Company Ltd., of 
New Addington, Surrey 


Oscar E. Holt (M) has been appointed 
Manager of the Old Forge Plant of The 
W. L. Maxson Corporation. He was 
formerly Manager of Electro-Mechanical 
Engineering 


Group Capt. John A. Kent, RAF (M), 
formerly Commanding Officer of the RAF 
Station at Tangmere, Sussex, England, 
has been appointed Senior Officer in 
Charge of Administration at Headquarters 
No. 12 Group Fighter Command, Newton, 
Nottinghamshire 


Frank E. Marble (M), Associate Profes- 
sor of Jet Propulsion at California Institute 
of Technology, is visiting professor this 
spring in Cornell’s Graduate School of 
Aeronautical Engineering at Ithaca, N.Y. 


John W. Myers (M), a former Vice- 


President and Director of Northrop 
Aircraft, Inc., has been elected to the 
Board of Directors of Hewitt & Faust 
Manufacturing Company, San Diego, 
Calif. He is an attorney and former test 
pilot. 


J. Gilbert Nettleton, Jr. (AM), has been 
elected Vice-President of the Radioplane 
Company. He is in charge of customer 
relations and continues to serve as 
Assistant to the President. A former 
production test pilot, Mr. Nettleton 


1956 


joined Northrop Aircraft, Inc., of whic 
Radioplane Company is a subsidiary, ig] 
1946. 


John O. Powers (TM) has been pro. 
moted to Manager—Aero-Thermodynam. 
ics Engineering, in the Special Defense 
Projects Department, General 
Company, Schenectady, N.Y 


Electri¢ 


Ralph W. Rawson (M) joined? 
Fansteel Metallurgical Corporation ag 
Chief Engineer. As a Commander in the 
Navy, he was, until recently, Director of 
the Industrial Planning Division of the 
Bureau of Aeronautics, Wright-Patterson 
AFB. 


R. E. Small (TM), former Manager— 
Marketing for the Jet Engine Department, 
Aircraft Gas Turbine Division, General 
Electric Company, has been placed in 
charge of G-E’s European Technical 
Service Office established recently by the 
AGTD in Paris. 


Robert B. Smith (M) has been named 
Chief of a new Design Studies Section at 
the El Segundo Division of Douglas Air- 
craft Company, Inc. He was formerly As- 
sistant Chief of Aerodynamics there. 


E. L. Sorenson (M) has been appointed J 
Field Station Supervisor for Douglas 
Aircraft Company, Inc., at White Sands 
Proving Ground, N.M. 


Ludolph F. Welanetz (M), formerly 
Chief Engineer—Plans and _ Analysis, 
Fairchild Camera and Instrument Corpo- 
ration, is now engaged in guided-missile 
research at The Johns Hopkins University 
Applied Physics Laboratory in Silver 
Spring, Md. 


Lysle A. Wood (AF), formerly Director 
of the Pilotless Aircraft Division of Boeing 
Airplane Company, has been named a 
Vice-President and General Manager of 
this division. 


Norman C. Witbeck, MIAS, has been 
appointed Chief Engineer of the Turbo- 
motor Division, Curtiss-Wright Corp. He 
was formerly with the Research and Develop- 
ment Board. 
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MAYBE YOU’D 
LIKE A 
MORE INTERESTING 
PROJECT? 


Because of the long range ex- 
pansion program of research, 
design and development, the 
diversity of openings in all 
categories of Engineering is 
exceptionally wide in our or- 


ganization. Great selectivity in 


the particular phase of indivi- 
dual talents and interests en- 
hances the desirability of be- 
coming associated with this 
progressive Engineering Or- 
ganization. 
New openings are now 
available in a number of these 
highly interesting projects. In- 
quiries are invited. / 


hich 
» in 
pro- 
am- 
‘trie 
+ 
ent, 
eral 
in 
tical 
the 
med 
Air- 
Ass 
ited — 
inds 
erly 
sis, 
rpo- 
sile 
sity 
lver 
ctor 
ing 
da 
r of 
a 
se 
WADE PLACEMENT 3 
RING 
ENGINE 
LOCKHEEP 
DEPT. 
ATION RGIA 
CORPOR , GEO 
AIRCRAT? ATLANTA 
cH 
761 PEA 
4 
een 
bo- 
He 
op- 


130 AERONAUTICAL ENGINEERING REVIEW—APRIL 


CORPORATE MEMBER NEWS 


e Allis-Chalmers Manufacturing Company 
is building three centrifugal compressors 
and associated drive equipment to be used 
in a 4 by 4 ft. supersonic blowdown tunnel 
to be constructed at the Convair plant in 
San Diego, Calif... .A 24-page directory 
of product literature, This is A-C from A 
to Z, has been released by Allis-Chalmers. 


e Allison Division, General Motors Corpo- 
ration. . .Aeroproducts turbopropellers 
will be used on the Lockheed C-130A 
Hercules cargo plane which has four 
Allison turboprop engines. . . . Allison Di- 
vision produced its 100,000th aircraft 
engine in January, the company 
announced. 
e Aluminum Company of America... 
Additional smelting facilities have been 
placed in production at Rockdale and 
Point Comfort, Tex. When completed, 
the expansion program will boost the com- 
bined capacity of the two plants by 
75,000 tons of primary aluminum annually. 
.Alumicone, a new paint containing 
aluminum pigments in a silicone-alkyd 
resin base, withstands temperatures over 
1,500°F. Developed for aircraft applica- 
tions, it can be sprayed or brushed on 
engine exhaust stacks or other metal 
surfaces subjected to intense heat... .A 
134-page, illustrated book on _ brazing 
aluminum is available from Alcoa. 
e American Airlines, Inc. . . . The Buffalo 
reservation office has been linked to 
American's ‘“‘magnetronic reservisor’’ at 
LaGuardia Field, New York. This marks 
the first time in travel history, the air line 
claims, that an agent in one city, by 
pressing a button, has been able to com- 
plete or cancel a ticket sale based on 
information stored in inventory in a remote 


city. The electronic reservations system, 
which ‘‘memorizes’’ the inventory of 
seats for a 10-day period, has been in local 
operation at LaGuardia since 1952. 

e Arma Division, American Bosch Arma 
Corporation. . .An illustrated booklet de- 
scribing Arma’s Subminiature Gyro Com- 
pass, which weighs 30 lbs., is available 
from Arma Division, Garden City, N.Y. 
Intended for naval and military use on 
ships of all sizes and on land and amphi- 
bious vehicles, the compass can be adapted 
for use on light planes, fighters, and heli- 
copters 

@ Avien, Inc., announces a portable 400- 
cycle power supply designed for field use 
in testing and servicing aircraft instrument 
systems. The size of a large brief case, it 
weighs 7 lbs. and operates from any 115- 
volt, 60-cycle line 

e Bendix Aviation Corporation Friez 
Instrument Division reports commercial 
development of the Lumicon, a device 
that amplifies light 40,000 to 50,000 times 
by electronic means. It can reveal a 
blacked-out scene as a bright television 
picture. Linked with X-ray, it projects a 
bright ‘‘alive’’ image on a television screen 
with only. a low-level output of X-ray 
energy. The Lumicon is expected to open 
new fields in industrial and medical 
radiography, astronomy, and photography. 
It will make possible immediate X-ray 
inspection of forgings, castings, engines in 
operation, and similar large objects. The 
Lumicon is far more sensitive to light 
than the human eye Bendix Products 
Division has built a mobile instrument 
laboratory in a truck-trailer to take 
advantage of telemetering techniques in 
testing aircraft and automobiles while in 


The first giant C-133A turboprop cargo plane to be completed for the Air Force is rolled 


out at the 


ouglas Aircraft Company plant in Long Beach, Calif. 


With twice the pay-load 


capacity of the Douglas C-124 Globemaster, the C-133A has a gross weight of 255,000 Ibs. 
and a wing span of 179 ft. The fuselage is 148 ft. long, and the cargo hold is 90 ft. A crew 


of four will handle this global air freighter. 
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motion. Instead of observing the per. 
formance of a jet engine in a test cell, for 
exainple, laboratory-type test equipment 
can be ‘‘connected”’ by radio telemeter to 
an engine in actual flight. While the jet 
plane climbs, dives, and maneuvers af 
various speeds and altitudes, sensitiygl 
pickup devices on the plane will registeg 
engine speeds, internal pressures, tempera 
tures, rates of fuel flow, and other pertjJ 
nent data. These are converted into radig 
signals and instantly recorded by receiving! 
apparatus on the ground. One advantage 
of this system is the immediate availability 
of data on a large plotting board 
new documentary motion picture, Aj 
Power ‘56, is available from’ Bendix 
Products Division, South Bend, Ind. The 
16-mm. color sound film was made at the 
last National Air Show in Philadelphia. 


@ Boeing Airplane Company has an 
nounced a $29,500,000 program for 
expansion of facilities. Financed entirely) 
by the company, the building program 
calls for a $21,000,000 Developmental! 
Center at the main plant in Seattle and ay 
$8,500,000 manufacturing and office fa. 
cility at nearby Renton, Wash. The 
Developmental Center, to be completed) 
by the fall of 1957, will be adjacent to 
Boeing Field and will add 1,021,000 
sq.ft. of covered area to the Boeing plant. 
The largest of the four main buildings} 
will have a floor area of 754,000 sq.ft. 
The Developmental Center will be occu- 
pied by certain phases of the Bomare 
project and by physical research, struc- 
tural testing, and experimental activities, 
The Renton facility, with 558,000 sq-ft., 
will be used for assembly of body sections 
of the 707 commercial jet transport. It 
also will house Boeing’s newly created asl 
Transport Division. J. B. Connelly has — ¢ 
been named Vice-President and General 
Manager of this division which is responsi- 
ble for the KC-135 and KC-97 tanker- 
transports and the commercial 707’s 

A newly organized Seattle Division, 
headed by Vice-President C. B. Gracey, 
has assumed responsibility for the B-52 
eight-jet bomber and other major develop- 
mental projects. 


e The Cleveland Pneumatic Tool Com- 
pany has purchased the National Water 
Lift Company, Kalamazoo, Mich., which 
designs and manufactures control mecha- 
nisms for aircraft and guided missiles 


The announcement said that National Helpin; 
Water Lift will continue as a division of peak is 
Cleveland Pneumatic under its present F : 
management, headed by C. E. Willis, or ou 
MIAS. sion—i 
@ Douglas Aircraft Company, Inc.... preced 
The first C-133A turboprop cargo plane Preside 
to be completed for the Air Force was 7 
rolled out of the hangar at Douglas’ Long vanced 
Beach plant on February 2. The giant Bridge 
four-engined plane has a gross weight of 

255,000 Ibs. and can carry twice the pay 

load of the Douglas C-124 Globemaster 

II, which has a gross weight of 185,000 

Ibs. Its wing span is 179 ft. 8 in. The 

cabin for air freight is 90 ft. long and 
accommodates most military vehicles 

The cabin is pressurized and can be modi- 

fied to hold 200 troops. The C-133A is 

powered by four Pratt & Whitney 

T34-P-3 turboprop engines driving three- 

bladed Curtiss-Wright Turbolectric pro- combin 
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what helps an engineer grow”? 


a noted nuclear weapons systems expert and 
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Ving 


tage Development Division. His answer reflects 
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leading 
a dog’s 
life? 


Well, then, this might be a good time to get out of the dog 
house and on your way to a big career at Fairchild to 
assist in the engineering of several airplane prototypes 
now scheduled. 


Investigate the list of categories below. See where you fit in. 


Aircraft Engineers with supervisory experience in one 
or more of these positions: 
Design Project Engineers 
Design Coordinators 
Design Engineers for Sheet Metal Structure, Hy- 
draulic Systems, Landing Gears, Control Systems, 
Equipment and Furnishings, Electrical and Elec- 
tronics Installations, Power Plant Installations 
Stress Engineers for both Sheet Metal Structures and 
Mechanical Systems 
Weight Control 


Layout Designers and Draftsmen 
Project Coordinators and Administrators 


You'll like working at Fairchild, and you'll like living in 
Hagerstown, Maryland— excellent housing, schools, rec- 
reational facilities . close to urban Baltimore and 
Washington. 


Send your resume today to Walter Tydon, Chief Engi- 
neer, P. O. Box 134, Hagerstown, Maryland. 


A Division of Fairchild Engine and Airplane Corporation 


++ WHERE THE FUTURE !S MEASURED IN LIGHT-YEARS! 


«FAIRCHILD 


AIRCRAFT DIVISION © HAGERSTOWN, MARYLAND 
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pellers. .The Douglas RB-66 jg 
bomber, designed for all-weather reconnajg. 
sance missions at speeds of 600 to 7 
m.p.h., is now being delivered to the 
363rd Tactical Reconnaissance Wing 9 
the Ninth Air Force at Shaw AFB, Sc 
.Douglas has completed delivery of 
166 C-118A’s and R6D-1’s, military ang 
naval versions of the DC-6 transport. 


Fairchild Camera and Instrumen 
Corporation has opened a new plant at 
6111 East Washington Blvd., Los Angeles 


@ Fairchild Engine and Airplane Corpora. 
tion. . .The American Helicopter Diyj. 
sion in Costa Mesa, Calif., has been re. 
named the Fairchild Electrotechnics Diyj. 
sion. This name was considered more 
appropriate for describing the Division's 
activities in the fields of (1) resistance. 
welded, temperature-resistant sandwich 
material for aircraft, (2) automatic 
instrumentation components and systems 
for aircraft and industrial applications, 
and (3) lightweight Fiberglas-reinforced 
plastics microwave ‘‘plumbing"’ for radar 
systems. Development work on STOL 
and VTOL aircraft has been transferred 
to the Fairchild Aircraft Division jp 
Hagerstown, Md... . Fairchild Aircraft 
Division has placed on the market the 
Speedy Driller, a versatile, high-speed, 
semiautomatic drilling machine that js 
expected to prove useful in the aircraft 
and automotive industries. The portable 
machine is particularly adapted to drilling 
metal parts requiring a large number of 
holes closely spaced. It drills rivet holes 
in 0.064 aluminum sheet at the rate of 
three per sec. 

e The Garrett Corporation has completed 
a $5,000,000 production test facility in 
Phoenix, Ariz., adjacent to the AiResearch 
Manufacturing Division. With 90,000 
sq.ft. of working area, the new laboratory 
has test cells, altitude chambers, a cold 
chamber, dynamometers, and other de- 
vices for testing gas-turbine engines, air 
turbines, pneumatic controls, air valves, 
and related aircraft components and 
systems. Altitudes up to 75,000 ft. can 
be simulated. Temperatures range from 
—80°F. to 1,000°F. Altogether, there 
are more than 75 production test cells 
and test stands. An elaborate plumbing 
system supplies compressed air at up to 
1,000 Ibs. per sq.in. 

@ General Electric Company. . .New 
multimillion dollar development facilities 
of the Aircraft Gas Turbine Division in 
Cincinnati were unveiled February 9 toa 
group of military and industrial leaders. 
In an all-day tour, the visitors were shown 
equipment for testing virtually every part 
of a jet engine; computers for high-speed 
mathematical calculations; methods used 
in developing advanced fuels, alloy metals, 
and plastics; and numerous other facilities 
constructed during the past 5 years. One 
of the exhibits was a half-scale cutaway 
model of a rocket engine similar to the 
one G-E will build for the Project Van- 
guard satellite rocket. . G-E’s 
small gas-turbine engine is in advanced 
stages of development for the Navy's 
Bureau of Aeronautics and is rated ‘“‘in 
the 1,000-hp. class,” the company re- 
vealed recently. Intended for use in 
helicopters, the T58 incorporates the 
‘free’ power turbine design which pro- 


vides increa 
result of it: 
acteristics a 
the selectiot 
of fuel can 
Small Airct 
TAS will off 
alent pisto 
joad, and o 
eG. M.G 
lished a mi 
North La 
Calif. Acc 
facturing C 
equipped t 
aircraft ser 
¢ The Goo 
«U 
Navy's Spe 
Aircraft Co 
simulator f 
use of all-v 
in with an 
new equipn 
housed in a 
can study 
intercepts 
late numer 
well as set 
radar prok 
evasive ac 
would emp 
Division | 
shaped rut 
ize the bul 
fuels and « 
Tanker, t 
can be ro 
saudy gr¢ 
dropped; 
With a c 
Rolli-Tan! 
it to be to 
rolled by 
Corporati: 
computer, 
combines 
nonlinear 
great acct 
operation. 
¢ Grumm 
ration. . 
version © 
designed 
TF-l, tl 
nine pass 
It is equiy 
devices a1 
carrier-ba 
principal 
supply 
cargo bet 
the strait 
an arres 
engineers 
cargo lo 
parallel! 
heads ar 
rails, one 
other to | 
be insert 
of the ca 
load. 7 
until for 
20¢’s. 
® Harve 
Machine 
forging | 
at Torre 


Y 
ZA 


6 jet 
Nnais. 
70 
O the 
ng of 
» SC 
Ty of 
Y and 
iment 
nt at 
geles, 
‘pora- 
Divi. 
re. 
Divi- 
more 
sion’s 
ance- 
matic 
stems 
tions, 
orced 
radar 
STOL 
erred 
in 
rcraft 
t the 
peed, 
at is 
rcraft 
‘table 
illing 
er of 
holes 
te of 


leted 
ty in 
earch 
0,000 
atory 
cold 
r de- 
S, air 
alves, 
and 
. can 
from 
there 
cells 
bing 
ip to 


, New 
ilities 
on in 
) toa 
iders. 
hown 
part 
speed 
used 
etals, 
ilities 
One 
away 
the 
Van- 
T58 
anced 
avy’'s 
1 “in 
re- 
se in 

the 
pro- 


vides increased stability of operation as a 
result of its favorable torque-speed char- 
acteristics and permits greater flexibility in 
the selection of rotor speeds. Several types 
of fuel can be used. According to the 
Small Aircraft Engine Department, the 
TAS will offer great advantages over equiv- 
alent piston engines in endurance, pay 
load, and other performance features. 

eG. M. Giannini & Co., Inc., has estab- 
lished a new Controls Division at 969 
North La Brea Ave., Hollywood 38, 
Calif. Acquired from Brinkman Manu- 
facturing Co., Inc., the new facility is well 
equipped to manufacture high-precision 
aircraft servocontrols. 

¢ The Goodyear Tire & Rubber Company 
Inc... -Under a contract with the 
Navy’s Special Devices Center, Goodyear 
Aircraft Corporation has developed a radar 
simulator for training pilots in the tactical! 
use of all-weather radar equipment. Tied 
in with an operational flight trainer, the 
new equipment requires a tactics instructor 
housed in a mobile trainer. The instructor 
can study a student’s use of radar as he 
intercepts enemy aircraft. He can simu- 
late numerous conditions for the pilot, as 
well as set initial conditions of the tactical 
radar problem. He can insert whatever 
evasive action he thinks enemy aircraft 
wouldemploy. . . . The Aviation Products 
Division has developed a_ watermelou- 
shaped rubber tank that could revolution- 
ize the bulk transportation and storage of 
fuels and other liquids. Called the Rolli- 
Tanker, the nylon-reinforced container 
can be rolled over uneven, swampy, or 
saudy ground; floated in rivers; and 
dropped a few feet without bursting. 
With a capacity of about 250 gal., the 
Rolli-Tanker contains an axle that permits 
it to be towed by a vehicle. It also can be 
rolled by hand... .Goodyear Aircraft 
Corporation announces a new analog 
computer, the GEDA Model Al14, that 
combines virtually unlimited linear and 
nonlinear computing capabilities with 
great accuracy, flexibility, and simplified 
operation. 

¢ Grumman Aircraft Engineering Corpo- 
ration. ..A convertible passenger-cargo 
version of the S2F sub-killer has been 
designed for the Navy. Known as the 
TF-1, the twin-engined plane carries 
nine passengers in rearward-facing seats 
It is equipped with the latest navigational 
devices and will be used as an all-weather, 
carrier-based trainer for Navy pilots. Its 
principal service will be as a carrier re- 
supply craft, ferrying passengers and 
cargo between ship and shore. To offset 
the strain placed on tie-down lines during 
an arrested carrier landing, Grumman 
engineers designed a ‘“‘cage’’ to trap the 
cargo load in a fixed position. Two 
parallel sets of movable vertical bulk- 
heads are installed between longitudinal 
rails, one attached to the overhead and the 
other to the deck. Vertical side posts may 
be inserted at any point along the length 
of the cage, depending upon the size of the 
load. This device will trap the cargo 
until foree exerted by the load reaches 
20¢’s. 

* Harvey Aluminum Division of Harvey 
Machine Co., Inc... .New hydraulic 
forging presses being installed in the plant 
at Torrance, Calif., are expected to make 
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possible aluminum-alloy hand forgings 
weighing up to 2 tons. These massive 
hand forgings, the company says, will 
satisfy the most extended weight, dimen- 
sional, and metallurgical requirements 
anticipated by air-frame manufacturers. 

@ Lockheed Aircraft Corporation has 
announced plans for construction of a 
group of research laboratories on a 22-acre 
site at Stanford University, Palo Alto, 
Calif., for advanced scientific studies in the 
realm of missiles and unmanned aircraft. 
Contracts have been let for design and 
construction of two new research labora- 
tories for the Missile Systems Division at 
Stanford. A manufacturing plant of 
96,000 sq.ft. will be built for the same 
division on a 275-acre site at nearby 
Sunnyvale. The company plans to spend 
$7,000,000 on the first two laboratories at 
Stanford’s industrial park and on initial 
construction at Sunnyvale. These proj- 
ects were said to be the first steps in a 
program calling for investment by Lock- 
heed of ‘approximately $20,000,000 in 
the next 3 years.”’ 

e Manning, Maxwell & Moore, Inc... . 
The Industrial Controls Division 
announces a new line of graphic-type 
recording millivoltmeters and microam- 
meters, the American Microsen Series 130 
Electronic Recorder. With a measuring 
element that is more than 50,000 times 
more powerful than conventional direct- 
deflection movements, the pen drive 
mechanism has ample power to operate 
alarm contacts with no loss of accuracy. 

e North American Aviation, Inc. . . .The 
supersonic F-100D Super Sabre—first jet 
fighter to use Minneapolis-Honeywell’s 
MB-3 autopilot—has passed its first 
flight tests, the company announced. 
Like the A and C models, the plane is 
powered by a Pratt & Whitney J57 
turbojet engine with afterburner. More 
than 550,000 engineering man-hours and 
4,670 engineering drawings were required 
to produce the F-100D....A powerful 
electrodynamic vibration exciter has been 
installed in North American’s Environ- 
mental Laboratory at Downey, Calif. 
This “big shaker,’’ which weighs 9 tons 
and costs $80,000, can subject equipment 
intended for supersonic aircraft and guided 
missiles to 45 times the force of gravity. 
It has a continuous rated force output of 
12,500 Ibs. Although the Laboratory has 
30 other vibration exciters, the new one is 
remarkable for its high force output and 
large-item capacity. Features of the new 
system are sinusoidal table motion, 
relatively resonant-free operation, and a 
rotary power supply. Its operating 
frequency range is from 2 to 2,000 cycles 
per sec... .The Atomics International 
Division is building a sodium-graphite 
pilot-plant reactor which is expected to 
supply surplus heat for the generation of 
electricity for public consumption this 
summer. The experimental plant is 
located in the Santa Susana mountains 
30 miles from Los Angeles. 


e Nuclear Development Corporation of 
America is conducting studies for the 
Army Transportation Research and De- 
velopment Command to determine the 
technical feasibility of applying nuclear 
power to Transportation Corps equipment 
used in land and water operations. Items 
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to be considered include certain rail 
locomotive equipment, several types of 
Army harbor and inland waterways craft, 
and large cargo-carrying land 
known as “‘land trains.’ 

e@ Pan American World Airways, Inc... . 
An automatic reservations system will be 
installed this spring in Pan American's 
eight New York City ticket offices. By 
inserting a plate into the device and 
pushing buttons, the ticket agent will be 
able to learn immediately what space is 
available on any given flight. The central 
information rack of the electronic system 
is capable of storing information on 700 
flights for 1 month in advance. The 
system can be used for reserving cargo 
space, as well as passenger space, and will 
later be extended to some of P.A.A.’s 
other offices in the United States. 


vehicles 


e The Parker Appliance Company an- 
nounces O-rings made of a new synthetic 
rubber material for static-seal applications. 
The new Parker Compound No. 66-103 
was developed to meet a demand from 
aircraft manufacturers for seals suitable 
to use with MLO-8200 and Monsanto 
OS-45 fluids at temperatures from —65°F. 
to 400°F. . . . Parker has issued a 12-page 
catalog, No. 5701, containing 
reference charts of size numbers with 
dimensional data for all Parker O-rings 
for sealing applications. 


cross- 


e Pesco Products Division, Borg-Warner 
Corporation. . .Robert G. Hess, Vice- 
President—Operations, has been promoted 
to Executive Vice-President. 


@ Radioplane Company has developed a 
radio-controlled plastic target drone as an 
independent, privately financed research 
project. Named the RP-77, the medium- 
speed drone has been designed for econom- 
ical large-scale production. Glass-fiber 
cloth is applied in layers, bonded, and 
reinforced by polyester resins. The 
smoothness of this material reduces drag. 
Moreover, the plastic-bonded, glass-fiber 
cloth possesses high impact resistance, 
an important consideration because the 
drones are recovered by parachute and 
used again and again. The target plane 
flies 350 to 400 m.p.h. and goes to high 
altitudes. It can be converted easily 
to a camera plane for battlefield recon- 
naissance. Radioplane Company built the 
first plastic drone, the Air Force XQ-10, 
and is presently manufacturing the OQ-19. 
The company has delivered more than 
40,000 pilotless aircraft to the Armed 
Forces. 


e Republic Aviation Corporation reports 
satisfactory tests of a new muffler used to 
reduce the noise of jet engines operating 
on the ground. Microphones and record- 
ing equipment were set up at various 
points in the community surrounding the 
airport. It was found that, to the ear of 
an airport neighbor, the muffled roar of an 
engine run-up at full power was no worse 
than the noise of nearby automobile 
traffic. Republic has ordered four more 
muffler units to join the experimental one 
now in use at its airfield in Farmingdale, 
N.Y. The muffler is large and unwieldy 
but can be moved to various locations on 
the field. The tailpipe of the jet plane is 
placed in one end, and, after about 75 per 
cent of the noise is eliminated by sound- 


This roster of Lear aviation 
products is, of necessity, 
incomplete. Many of these 
products are frequently 
combined to form an infinite 
variety of additional products 
or systems. Only enough 
typical devices are shown here 
to demonstrate Lear’s mastery 
of a field of science and 
technology that uses thousands 
of such building blocks for 
meeting the highly specialized 
requirements of modern 
aircraft and missiles. 


§ flight control systems 


Automatic altitude controllers 
Automatic approach couplers 
Automatic Mach number controllers 
Automatic pilots (lightplane) 
Automatic pilots (high-performance) 
Automatic pitch, yaw, and roll dampers 
Automatic rudder controllers 
Automatic wing flap systems 

Missile control systems 

Test equipment 


flight reference systems 


No-gimbal-lock vertical gyro indicators 
Stable platforms 

Test equipment 

Three-axis gyro indicators 

Vertical gyro indicators 
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Y navigational systems 
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Automatic radio direction finders 

Glide slope receivers 

High-latitude gyro compass systems 
rated apF-magnetic compass systems 
Localizer receivers 

Marker beacon receivers 

vHF Omnirange receivers 


electro-mechanical systems 


Artificial feel systems 

Camera positioners 

Canopy control systems 

Carburetor air door controllers 
Convertiplane rotor positioning systems 
Cowl flap positioners 

De-icing valve positioners 

Engine throttle controllers 

Gas, hydraulic, fuel, valve positioners 
Inlet screen retraction systems 

Inlet vane angle controllers 

Jettison systems 

Landing gear lock systems 
Mechanical advantage ratio changers 
Oil cooler flap controllers 

Parachute door systems 

Precision remote positioning systems 
Supercharger blower shifters 

Test equipment 

Throttle friction controllers 

Trim tab positioners 

Turbo-prop clutch valve controllers 
Wing flap positioning systems 


electro-mechanical components 


Linear actuators 
R ry actuators 
Servo actuators 
Power units 
Actuator controls 
Alternators 
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Freewheeling clutches 
Friction clutches 
Magnetic clutches 

Slip overload clutches 
Electromagnetic brakes 
Flex drive n’s, hex’s, and1’s 
Flexible shafts 
Gearboxes 

Handcranks 

Motors (ac and pc) 
Enclosed fan motors 
Explosion proof'motors 
Gearhead motors 

High frequency motors 
High temperature motors 
Miniature motors 
Pneumatic motors 
Servo motors 

Torque motors 
Screwjacks 

Load limit switches 
Position limit switches 
Programming switches 


instruments 


ADF indicators 

Attitude indicators, 2-axis 
Attitude indicators, 3-axis 
Directional indicators 

ILs indicators 

Integrated apFr-magnetic indicator 
Trim indicators 
Tuning meters 
Omnirange indicators 


instrument components 


Altitude transducers 
Vacuum tube amplifiers 
Magnetic amplifiers 
Printed and etched circuit amplifi 
Transistor amplifiers 
Displacement gyros 
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Dynamic pressure transducers 
Gravity-sensing switches 
Magnetic modulators 
Magnetic powder clutches 
ac and pc servo motors 
Electric gyro motors 

Flag motors 
High-frequency motors 
Torque motors 

Power converters 

Rate generators 

Rate gyros 

Resolvers 

Synchros 

Synchro repeaters 


communications systems 


UHF, VHF, HF, MF, and LF receivers 
vHF transceivers 

VHF, HF, and MF transmitters 

ADF receivers 

Airport traffic transceivers 
Monitoring transceivers 

Portable transceivers 
Telemetering receivers 

Test equipment 


far] 


communications components 


Audio frequency amplifiers 
Vacuum tube amplifiers 
Magnetic amplifiers 

Power amplifiers 

Printed and etched circuit amplifiers 
Transistor amplifiers 

Aircraft broadband antennas 
Ground plane antennas 

Lr-MF whip antennas 

Loop antennas 

Mobile antennas 

Trailing wire antennas 
UHF-VHF whip antennas 

Omnirange antennas 


needs of aviation 


Antenna fairleads 
Antenna reels 

Antenna tuning coils 
Cable assemblies 

Coil assemblies 

Crystals 

Dynamotors 

Headsets 

Loudspeakers 
Amplifying loudspeakers 
Noise-cancelling microphones 
Radio noise filters 


© test equipment 


Bench test cable assemblies 
Electronic test sets 

Field strength meters 
Pressurizing test kits 


Universal electro-mechanical test stands 


Universal motor test stands 


Y fluid handling equipment 


Absolute pressure switches 


Bombsight and instrument desiccators 


Canopy seal pressurizing kits 


Cooling units for electronic assemblies 


Dehydrators 

Fuel flow dividers 

Pneumatic actuators 
Pressurizing control panels 
Alcohol pumps 

Anti-detonant injection pumps 
Ballast pumps 

Bilge and refueling pumps 
Dry air pumps 

Electric motor driven pumps 
Ethylene glycol and coolant pumps 
Ethylene oxide pumps 

Fuel pumps 

Fuel booster pumps 

Fuel filter de-icer pumps 

Fuel transfer pumps 


= 


Hand operated pumps 

Heater fuel pumps 

Hydraulic pumps 

Hydraulic oil booster pumps 
Hydrogen peroxide pumps 
Lube oil and scavenge pumps 
Multiple-element pumps 

Oil transfer pumps 

Scavenge pumps 

Smoke pumps 

Submerged fuel booster pumps 
Vacuum pumps 

Water pumps 

Radar pressurizing kits 
Rocket engine fueling nozzles 
Air relief valves 

Check valves 

Hydraulic valves 

Hydraulic servo valves 
Isobaric relief valves 
Pressure regulating valves 
Vacuum valves 


miscellaneous 


Airborne television installations 
Airplane brake modernization kits 
Auxiliary power supplies 
Electronic chassis assemblies 
Executive airplanes 

Periscope prism selectors 
Precision remote positioners 
Printed circuits 

Radomes 

Wire harnesses 
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absorbing chambers, the remainder is 
emitted skyward at the other end 
Republic has sold all rights to its Seabee 
light amphibian to J. Kk. Downer, of 
Saginaw, Mich. More than 1,000 Seabees 
were built in 1946 and 1947, and most of 
them are believed to be still in use. Mr. 
Downer has formed a company at Tri 
City Airport, Saginaw, to provide spare 
parts and service to owners of the four- 
place, all-metal amphibian. 


e Solar Aircraft Company has completed 
a new Engineering Office Building and an 
Engineering Test Laboratory on its bay- 
front site in San Diego, Calif. The 
Engineering Division, which has expanded 
50 per cent in the past year, now has 
27,000 sq.ft of floor space—three times 
the amount previously occupied. The 
office building is lighted by a luminous 
ceiling, and its windows are shaded auto- 
matically by electronic devices actuating 
motor-driven jalousies. The jalousies 
admit maximum outside light without 
direct sunlight. The laboratory building 
contains five test cells, bringing to 19 the 
number of Solar test cells for the research, 
development, and production testing of 
gas-turbine engines. The laboratory also 
has an 1,800-hp. diesel engine as a special 
power source. . . .Solar conducted a sym- 
posium in February at its Des Moines, 
Iowa, plant for representatives of tita- 
nium producers and suppliers. 


e Thompson Products, Inc. . . . The Elec- 
tronics Division announces a new air-borne 
wave-guide switch for the microwave 
field. 


@ United Air Lines, Inc., the nation’s 
oldest air carrier, on April 6 celebrated the 
thirtieth anniversary of the first scheduled 
air-mail flight by Varney Air Lines, its 
predecessor. 


e@ United Aircraft Corporation. . .Syn- 
chrophasing, an electronic system for 
keeping the propellers of niultiengined 
aircraft “in  step’’ with split-second 
accuracy, has been perfected by Hamilton 
Standard Division. It will be applied to 
the Lockheed 1649A Super Constellations 
erdered by Trans World Airlines, Inc., 
according to an announcement by Erle 
Martin, FIAS, General Manager of 
Hamilton Standard. When synchro- 
phased, all propellers turn at a specified 
angular relationship to each other. This 
marks a logical step beyond the company’s 
earlier development of synchronization, 
which holds all propellers at the same 
number of r.p.m. The result is a consider- 
able reduction of noise and _ vibration 
within the airplane cabin. Synchrophas- 
ing is accomplished with only 60 Ibs. of 
electronic gadgetry. A magnet is installed 
on each propeller and a coil in each engine 
nacelle. When a magnet passes a coil, it 
sets up a voltage pulse which represents 
each blade angle. This impulse travels 
to an electronic control which compares 
the time of the impulses from each nacelle. 
If the timing of the pulses differs by even 
an extremely small fraction of a second, 
the difference is registered and corrected. 
Thus the propellers are kept ‘‘in step.”’. 

Hamilton Standard also announced a 
method of “armor coating’’ propeller 
blades with a thin layer of nickel to protect 
them against damage from stones, debris, 


SOMETHING 


NEERING REVIEW—APRIL 1956 


PENCIL 


A sharp pencil is one of the basic tools 
of the engineer, but the prime ingre- 
dient behind the pencil is a real sharp 
mind. 


For this type of engineer, Bell has 
something more than just a job to 
offer . . . a rich rewarding career, with 
continued advancement, and exciting 
assignments demanding creative ability 
in a wide range of categories. 


If you are interested in working on 
some of the most advanced projects in 
the industry, here is your opportunity 
to put a sharp pencil to good use. 
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and water spray. This development has 
proved its worth as a major means of 
reducing propeller maintenance costs in 
2,500,000 hours of commercial and military 
operation, the company said. 


IAS NEWS 


e Westinghouse Electric Corporation, 
Pittsburgh, has issued a 3l-page booklet 
describing the engineering and manu- 
facturing facilities available at its plant in 
Sunnyvale, Calif. 


IAS SECTIONS 


Meet Your Section Chairman 


Karl Arnstein 
Cleveland-Akron Section 


In more than 31 years with Goodyear 
Aircraft Corporation, Karl Arnstein has 
had a hand in engineering large, rigid 
airships, manned 
stratosphere bal 
loons, pressure 
type airships for 
U.S. Navy patrol 
and = antisubma 
rine warfare, mili- 
tary and personal 
airplanes, pilotless 
aircraft, and elec 


tronic devices. 


Coming to the United States from 
Friedrichshafen, Germany, where he 
was Chief of Design for Luftschiffbau 
Zeppelin Company, he joined Goodyear 
Zeppelin in 1924 as Vice-President in 
charge of Engineering and has con- 
tinued in the same capacity in Goodyear 
Aircraft from 1940 until the present. 

Dr. Arnstein was educated at the 
Carlo-Ferdinand University and at 
Technische Hochschule in Prague, 
Czechoslovakia, where he received his 
professional engineer’s diploma in 1910 
and his degree as Doctor of Technical 
Sciences in 1912. After a few years of 
academic and practical work in bridge 
engineering, participating successfully 
in numerous design competitions for 
large span bridges and constructing one 


Argonne Lab 
Chicago Section 


Seventy-five members and guests of 
the Chicago Section visited the Argonne 
National Laboratory of the Atomic 
Energy Commission on October 5. 

After dinner in the cafeteria, Chair 
man Pocock turned the meeting over to 
Ray Brittan who was responsible for 
arranging the tour. Three films showed 
construction details of the research 
feactor, reactor experiments at the 
National Reactor Testing Station in 


of them in Switzerland, he specialized in 
the theory, design, and construction of 
aircraft, particularly airships. He car- 
ried design responsibility on a great 
many Zeppelin prototypes, including the 
American airship ‘‘Los Angeles,’’ which 
was built in Germany shortly after 
World War I under a reparations agree- 
ment. For his contributions to the 
theory and design of airships, he was 
awarded the honorary degree of Doctor 
of Engineering in 1926 by the Tech- 
nische Hochschule of Aachen, Germany. 

A Fellow of the Institute of the 
Aeronautical Sciences and the American 
Society of Mechanical Engineers, Dr. 
Arnstein has served on the NACA Sub- 
committee on Airships for about 10 
years. In 1949 he was Vice-President 
of the Society of Automotive Engineers 
for Aircraft Activities. He is the author 
or coauthor of various books in the 
field of applied mechanics and has 
written a great number of papers re- 
lated to aircraft and other lightweight 
structures. 

Dr. Arnstein and his wife, Bertha, 
live in West Akron. They have a 
married daughter and two sons, both 
graduates of Harvard Medical School 
and now in residence at Massachusetts 
General Hospital in Boston. The Arn- 
steins take particular pride in their rose 
garden, which is one of the points visited 
on the Akron Art Institute’s annual 
garden tour. 


Idaho, and the first commercial lighting 
of a city by nuclear power. 

The group, divided into several 
smaller units, then toured the reactor 
building. The new reactor using en- 
riched uranium for fuel and cooled and 
moderated by heavy water received 
first attention. 

The core of the reactor is 2 ft. in di- 
ameter and 2 ft. high and is composed of 
17 fuel assemblies located in the center 
of an aluminum tank 6 ft. in diameter. 
This tank is filled with heavy water to a 
depth of 6'/, ft. during operation, 
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which represents over 7 tons of heavy 
water. 

A 2-ft. thick zone of graphite blocks 
surrounding the tank serves to reflect 
and moderate neutrons escaping from 
the heavy water. Outside the graphite, 
the neutrons and gamma rays are 
absorbed in a massive shield which con- 
stitutes most of the bulk and weight of 
the reactor. A steel tank lined with 
boron carbide surrounds the graphite 
and is in turn encased in concrete 
41/, ft. thick. Iron ore mixed in the 
concrete increases its density and, 
accordingly, its ability to stop radiation. 

The fuel assemblies, in the form of 
thin plates to allow maximum contact 
with cooling water, are supported in 
thin-walled aluminum boxes somewhat 
resembling organ pipes. Heavy water 
is pumped up from below, through the 
fuel assemblies, and out into the main 
body of the tank near the top. In the 
basement is a heat exchanger which aids 
in transferring the heat to light water. 
In turn, the light water is cooled by flow 
through an outdoor cooling tower. 

Four control rods, resembling railroad 
signal arms, operate between the paral- 
lel rows of fuel assemblies. Since, in 
case of emergency, they are automati- 
cally rotated rapidly to the lowered posi- 
tion in which they have maximum 
opportunity to absorb neutrons, they 
serve both as safety and control rods. 
A fifth unit, known as the regulating 
rod, moves up and down a short distance 
outside the fuel assemblies and serves 
for fine control. 

The reactor has a negative tempera- 
ture coefficient of reactivity; the rate of 
production of neutrons can be increased 
by lowering the temperature. Advan- 
tage is taken of this fact in making it 
possible to start up again shortly after 
shutdown. 

Any impurity in the pile construction, 
especially any good neutron absorber, 
tends to lower the reproduction factor. 
Xenon, one of the fission products, has 
a very high cross section for absorption, 
hence it is an extremely efficient poison. 
Shortly after shutdown, the radioactive 
decay of other fission products produces 
a concentration of xenon such that the 
reactor could not normally be started 
again until the xenon had decayed in its 
turn. By cooling the heavy water with 
refrigerated water, however, the neu- 
tron efficiency can be built up. Con- 
tinued operation then destroys the 
xenon, and the operation can be 
switched over to the normal tempera- 
ture range. 

The tour also included the control and 
operations room for this reactor. 

A demonstration of 3-D color tele 
vision was presented in connection with 
the operation of new electronic manip- 
ulators to be used as a remote mechan- 
ical handling setup. Members were 
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Hugh L. Dryden (center), Director of the National Advisory Committee for Aeronautics, 
chats with Henry J. E. Reid (left) and Chairman Albert L. Braslow before addressing the 
Hampton Roads Section at a dinner meeting January 13. 


permitted to demonstrate their pro 
ficiency in operating the system. 


HARRY WIANT, Secretary 


Hagerstown Section 


Sixty-four members guests 
attended a panel discussion on “Bound 
ary-Layer Control” at the January 17 


meeting. Robert A. Darby, Chief 
Research Engineer of Fairchild Air 


craft Division, outlined the subject and 
served as moderator. The panelists 
were John S. Attinello, H. B. Helmbold, 
S. Lipson, W. C. Marlow, and F. G. 
Wagner. 

The discussion covered objectives 
and general methods of achieving 
boundary-layer control, typical applica 
tions, svstem equipment and compo- 
nents, forced circulation, and probable 
future developments. Slides and films 
showed wind-tunnel tests of models and 
flight tests of aircraft 
boundary-layer control. 

C. L. CHUMLEY 
Secretary-Treasurer 


incorporating 


Turbulence 


Hampton Roads Section 


Hugh L. Dryden, Director of the 
National Advisory Committee for Aero 
nautics and an Honorary Fellow of the 
IAS, spoke at the winter dinner meeting 
held on January 13. Ninety-nine mem- 
bers and guests attended. 

Illustrating his subject with slides, 
Dr. Dryden discussed “‘The Origin of 
Turbulence in Fluid Motion.’’ He was 
introduced by Henry J. E. Reid, Direc 
tor of Langley Aeronautical Laboratory. 


In tracing the development of the 
theory on the subject, Dr. Dryden men 
tioned the work of Helmholtz, 
Prandtl, and Taylor, and the later 
developments Tollmien, Schlicting, 
Theodorsen, and Emmons. Much of 
this work was concerned with boundary 
laver transition 

It has been established that the flow 
in a boundat 
tive to 


early 


laver is extremely sensi 
disturbances. These 
disturbances appear as waves, periodic 


minute 


in nature, the frequency of which varies 
with the amplitude of oscillation. Toll 
mien and Schlicting computed the 
stability of such a disturbance in the 
boundary layer, and this theory was 
confirmed about 1940 by means of wind 
tunnel tests 

It was later suggested by Emmons 
that boundary-laver transition takes 
place through the formation and growth 
of turbulent spots within the boundarv 
layer, and this concept has recently been 
confirmed by Schubauer and Klebanoff 


of the National Bureau of Standards. 
The formation of turbulence appears to 
take place in three distinct steps: (1) 


an oscillation of the boundary layer 
which grows in amplitude, (2) the origin 
of spots of turbulence, and (3) growth 
of the turbulent 

The mechanism of the growth of tur 
bulence begins as a 


spots. 


two-dimensional 
wave, the amplitude of which varies 
periodically and which’ eventually 
assumes a three-dimensional character. 
As the wave velocity decreases, second 
ary wave disturbances develop, super 
imposed on the primary wave, and 
finally cause the flow stability to break 
down. question that 
turbulence originates as a very localized 


There is no 
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1956 


three-dimensional 
ever, 


disturbance; hoy 
two-dimensional boundary-layer 
theory has not vet been expanded t 
embrace the three-dimensional 
of the phenomena. 

In his introductory remarks, Dr 
Reid pointed out that the 1955 winners 
of both the Wright Brothers Memorial 
Trophy and the Collier Trophy—Dr 


ispects 


Dryden and Richard T. Whitcomb 
respectively—were present at the meet 
ing. Chairman Albert L. Braslow pre 


sided. Both the program and dinner 
were arranged by Laurence K. Loftin 
Jr. 
LEwIs R. FISHER 
Recording Secretary 


Los Angeles Section 


The Wright Brothers Lecture for 
1955 was delivered by Professor R. L 
Bisplinghoff to the Los Angeles Section 
on December 20. His 
entitled Structural 
elastic Considerations of 
Flight.”’ 

George Mellinger, Section Chairman, 
opened the meeting to a large audience 
at 8:00 p.m. He introduced the Guest 
Chairman, Clark B. Millikan, Director 
of the Guggenheim Aeronautical 
Laboratory of the California Institute 
of Technology. Dr. Millikan’s intro 
duction noted that a massive field of 
scientific inquiry such as that encom 
passed by aerothermoelasticity required 
a compartmentalization and direction of 
inquiry within each field before a coor 
dinated success could be achieved in 
detailed solutions. Dr. Bisplinghoff’s 
work has established just this basis by 
setting up the structure required and 
giving direction within the branches of 
this field. 

Prepared comments by C. H. Steven- 
son, Chief of Strength and Weights of 
the El Segundo Division of Douglas, 
Jerome F. McBrearty, Chief Structural 
Engineer of the California Division of 
Lockheed, and Y. C. Fung, Professor of 
Aeronautics at the California Institute 
of Technology, all agreed that the treat- 
ment of the subject was comprehensive 
and monumental and that the engineer 
and scientist in this branch of our indus 
try will be both inspired and guided far 
along the aerothermoelastic road 


paper was 
Aero 
High-Speed 


‘Some and 


R. G. Secretary 


p> At a recent specialist meeting, John 
Seddon of the Royal Aircraft Establish 
ment discussed ‘‘Air Inlets with Exter 
nal Boundary Layers.’’ He noted that 
at supersonic speeds the pressure fe- 
covery in normal shock inlets was much 
lower than that predicted by shock and 


friction losses. Transonic test data, 


together with Gedd’s turbulent bound- 
ary-layer pressure rise equations and 
Lighthill’s turbulent separation equa 
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Valve Assembly — 
Steering Metering 


provide precision performance 


For more than ’35 years Sargent Engineering -Corporation has 
designed and manufactured precision. equipment. 

During the past 18 years Sargent has.delivered more than.150,000 
precision aircraft control units to the country’s leadirig airframe man- 
ufacturers. Today Sargent manufactures 78 different’ hydraulic, 
pneumatic and mechanical units which are produced in a fully 
Brake Valves equipped modern plant, staffed by engineers and craftsmen skilled in 
the design and manufacture of these specialized aircraft components. 

Sargent Engineering has developed the “know-how” to aid in the 
solution of difficult problems. Send your specifications for our proposal. 


Write today for your copy of the illustrated story of Sargent's 
organization, methods and manufacturing facilities. 
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© Brake Valves @ Pressure Reducing Valves 
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2533 EAST 56TH STREET 
HUNTINGTON PARK, CALIF.. 


“Good will” is the disposition of the pleased customer 
to return to the place where he has been well treated. 


—U.S. Supreme Court 
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tions, led to a relation between separa- 
tion point position and mass _ flow 
through the inlet. The incremental 
reductions in pressure recoveries were 
attributed to mixing losses’ which, 
subsequent to separation, could be 
virtually eliminated by boundary-layer 
vents just downstream of the separation 
point. 
E. LAPIN 
Meeting Coordinator 


Wind Tunnels 
St. Louis Section 


The January 25 meeting brought to 
the Section members a presentation of 
wind-tunnel facilities and activities 
through a well prepared two-part pro- 
gram which included six men actively 
identified with research and develop- 
ment organizations. The first part, 
“Wind-Tunnel Operations at Tulla- 
homa,’’ was presented by Jack Shea, 
Special Assistant to the Director of 
ARO, Inc. The second part was a 
panel discussion entitled ‘‘Wind-Tunnel 
Techniques Employed in Development 
of High-Speed Aircraft.” 

The character and extent of the facili- 
ties of the Arnold Engineering Develop- 
ment Center were presented by motion 
pictures and slides with an accompany- 
ing discourse by Mr. Shea. AEDC 
developed from the realization of the 
need for a high-altitude, high-speed 
research center which became apparent 
at the end of World War II and was 
stimulated by the findings of aeronauti- 
cal scientists who had evaluated Ger- 
man research facilities at that time. 
The estimated expense of construction 
and operation of an adequate facility 
indicated that Government ownership 
with industry-wide access was the only 
feasible arrangement. The site near 
Tullahoma, Tenn., was selected because 
of the availability of ample electric 
power and cooling water. In addition 
to ARO, Inc., the AEDC operating con- 
tractor, the total facility program 
includes construction supervision by the 
Tullahoma District of the U.S. Army 
Corps of Engineers and engineering 
design by Sverdrup and Parcel, Inc., 
of St. Louis. 

In describing the three laboratories 
the engine test facility, the propulsion 
wind tunnel, and the gas dynamics 
facility—Mr. Shea brought out some 
interesting information concerning the 
AEDC operation. In the production 
of test data, speed and accuracy are con- 
sidered paramount. Automatic, on- 
line-data reduction of pressures, tem- 
peratures, and forces from analog to 
digital signals, using Remington-Rand 
Univac equipment, has made it possible 
for engineers to have test data ready for 
incorporation in reports within 20 sec. 
This speed has the additional advantage 
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of making it possible to spot data 
immediately which appears to be out of 
line and of conducting reruns with 
minimum cost and delay. 

Other instances illustrating overall 
savings in time and expense were given. 
In a missile propulsion system develop- 
ment, valid test conditions at 83,000 
ft. were reached with a loss of two 
engines, whereas an estimated 60 firings 
would have been required for the same 
results without access to the AEDC 
laboratory facilities. In the engine test 
cell, the variable nozzle makes it possible, 
in a single test, to simulate climb, level 
flight, and descent, and to change 
Mach Numbers as desired. In another 
case, an engine failure in the cell yielded 
information that explained the cause of 
18 actual airplane crashes. 

A short description was given of the 
porous walls and plenum chamber 
evacuation used in transonic wind-tun 
nel work for the elimination of shock 
wave interference. 


The panel discussion was presented 


by the moderator, William J. Blatz, 
Project Development Engineer, 
McDonnell Aircraft; and members 


Robert Belt, Chief of Wind-Tunnel 
Testing, McDonnell Aircraft; Hugh 
Gardenier, Project Manager, Transonic 
Branch, AEDC; William Rivers, Proj 
ect Engineer, Wind-Tunnel Design, 
Sverdrup & Parcel; and Demetrius 
Zonars, Chief, 10-Ft. Transonic Wind 
Tunnel, WADC. 

Mr. Blatz reviewed present high 
speed wind-tunnel sponsorship and 
management, classifying the tunnels 
into privately owned-privately man- 
aged, Government owned-Government 
managed, and Government owned- 
contractor managed. His introduction 
of the panel members included a résumé 
of the activity in which each is engaged. 

Mr. Belt explained in detail the pur- 
pose of a company-owned wind tunnel 
in development work. Mr. Zonars out- 
lined the uses made of the six different 
wind tunnels at WADC. Mr. Gar 
denier reviewed the problems encoun 
tered in developing aerodynamic 
research facilities, indicating depend- 
ence on the state of measuring equip 
ment evolution. Mr. Rivers explained 
the extent of high-speed wind-tunnel 
usage today; he enumerated the tunnels 
at military and NACA establishments 
for research and development and the 
industry-owned and operated tunnels at 
Caltech, Cornell, United Aircraft, Boe 
ing, M.1I.T., North American, Douglas, 
Convair, and Martin and identified 
them as supersonic, transonic, trisonic 
or bisonic. 

Mr. Blatz elaborated on the cost of 
basic-research testing and develop 
ment testing and solicited comment 
from the panel members on the relative 
economics of a large number of elemen- 
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tary tunnels in preference to a sing 
elaborately equipped tunnel. It wa 
brought out that, as high-speed desig 
progresses in the vears ahead, there wi 
be an increasing amount of wind-tunyg 
testing required, taxing all facilities ; 
the limit. Mr. Gardenier recommende; 
maximum utilization of the elaborate 
equipped tunnel as representing a possj 
ble solution. Mr. Zonars said that th, 
present and normal backlogs at WADc 
restricted all work for the next 2 years 
to development work, with research 
opportunities possible only at sone 
future date. In defense of the need fo; 
immediate information in development 
work, Mr. Rivers cited the power 
economies of company-owned tunnek 
which use stored energy for short 
periods of high-speed testing. This 
work, handled locally, in turn releases 
other facilities for research work. Mr 
Belt felt that company-owned tunnel 
eliminated many demands on research 
tunnels, with the possibility that more 
unhampered advanced research might 
produce information earlier and even 
reduce the areas of conjecture respon 
sible for the development _ testing 
Company tunnels, he thought, needed 
digitizing recorder systems to replace 
the manual systems in the drive for 
increased utilization. 

These panel discussions were {fol 
lowed by questions from the floor con 
cerning accuracy of data, tunnel 
demands, and tunnel construction 
About 150 attended the meeting. 

FREDERICK H. ROEVER 
Recording Secretary 


San Diego Section 


“The Trend in Weapons Systems 
over the Next 20 Years” was the subject 
of an address at the January 12 dinner 
meeting by T. G. Lanphier, Jr., of 
Convair, A Division of General Dynam- 
ics Corporation. Mr. Lanphier, a 
former Air Force fighter pilot, is Vice- 
President for Long-Range Planning and 
Assistant to the President of Convair. 

The speaker emphasized the inability 
of present defensive systems to protect 
us from present offensive systems. He 
pointed out that this has been generally 
true in the past and that there is no 
reason to believe that it will not be true 
in the future. Because of this, military 
strength must be measured in terms of 
offensive capacity. The long-term 
periods required for development of an 
idea into an effective weapons system 
was cited, and the B-47, B-52, and 
B-58 systems were used as examples. 

These long development periods are 
being eliminated in Russia through the 
use of rigid controls and an abundance 
of manpower. Mr. Lanphier feels that, 


because of this, we are rapidly losing our 
position of supremacy and the freedom 
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Guided Missile Engineers and Scientists 


BUILD YOUR FUTURE IN A PRIME 
WEAPONS SYSTEM PROJECT... 


The SM-64 Navaho Intercontinental 
Guided Missile 


North American Aviation has prime weapons system responsibility for the SM-64 NAVAHO. This missile program is 
one of our country’s largest, most important armament projects...a vital part of future defense planning... offering 
you long-term security, plus the opportunity to enrich your experience and capabilities in many advanced scientific 
and technical fields. 

North American is actively engaged in all phases of research, design, development and manufacture of missile 
airframes and the operational testing of complete missile units. For instance, more than 100 separate projects 
make-up the NAVAHO effort. Your special training and abilities can be vital to the success of one or more of these 
intellectually-demanding projects. Your advancement depends only on your ability. 

Military security prevents more adequate description of the NAVAHO and other missile studies and proposals in 
development at North American. For a fuller explanation of the opportunities open to you, please contact North 
American's Missile Development Engineering. 


IMMEDIATE OPENINGS FOR: 


AERODYNAMICISTS INSTRUMENTATION ENGINEERS 
AEROTHERMODYNAMICISTS ENGINE SYSTEMS ENGINEERS 
FLIGHT TEST ENGINEERS STRESS & STRUCTURES ENGINEERS 
AIR FRAME DESIGNERS RELIABILITY ENGINEERS 
MECHANICAL & ELECTRICAL DESIGNERS STANDARDS ENGINEERS 


HYDRAULIC, PNEUMATIC & SERVO ENGINEERS 


Contact: Mr. D. S. Grant 
Engineering Personnel Office Dept. 91-20AER, 
12214 Lakewood Bivd., Downey, California 


NORTH AMERICAN AVIATION, INC. 
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of our country is seriously threatened. 
It was pointed out that the decline of 
our position of supremacy can be 
halted or reversed if the people of the 
United States are made aware of the 
decline and of the danger inherent in 
this loss of supremacy. Mr. Lanphier 
emphasized that an all-out effort must 
be made at a high level for us to regain 
our position in the world; and when we 
do have a position of military supremacy 
it must be used to back up a positive 
political offensive. 

p> James L. Edman, Chief of Technical 
Systems Analysis for Bendix Aviation 
Corporation, presented a paper on 
“The Dynamics of Landing Gear Sys- 
tems’? at the technical meeting on 
January 20. His discussion covered 
three main topics—metering-pin design, 
wheel-and-strut chatter and squeal, and 
nose-wheel shimmy. He indicated the 
methods of analysis used by Bendix in 
all of these studies. Slides were shown 
of the various testing facilities used by 


Bendix to verify their analysis proced 


ures 
R. A. FUHRMAN 
spondine Secretary 
Wichita Section 
Colonel William B. Bunker, USA, 


President of the American Helicopter 
Society, spoke on ‘The Individual Lift 
Device”’ at a joint meeting of AHS-SAE 
IAS on January 1S. 

A long-time proponent of the helt 
copter for military use, Colonel Bunker 
gave a comprehensive review of the 
history of the individual lift device 
concept followed by his views on the 
potentialities of such craft in the Army. 
Illustrating his talk with sketches, he 
described one-man 
flying machines and called attention to 
their limitations 


various types of 


SANFORD H. HINTON, Secretary 


STUDENT 


BRANCHES 


California State Polytechnic College 


Seventy-five students attended the 
February 2 meeting to hear Frank D. 
Mathes, Jr., Manager of Custom Field 
Service for Northrop Aircraft, Inc., 
speak on ‘‘Cold-Weather Operations of 
Northrop’s F-89 Scorpion.” 

Mr. Mathes outlined the maintenance 
problems of the all-weather interceptor 
and the need for clean, logical design in 
all aircraft. He then introduced a 
1952 Cal Poly graduate, Walter Kolar, 
Jr., who is now a Northrop Technical 
Representative. Supplementing — the 
speaker’s comments on maintenance, 
Mr. Kolar related his own experiences 
as Team Head and Senior Tech Rep 
at Ladd Air Force Base in Fairbanks, 
Alaska. 

ELMER J. Bisuop, Reporter 


The Catholic University of America 


Chairman Nicholas Gallipoli intro 
duced Comdr. Edward T. LeRoe, USN, 
as the speaker at the December 15 
meeting. Commander LeRoe, who is 
attached to the Bureau of Aeronautics, 
described its purpose and organiza- 
tional structure within the Department 
of the Navy. 
>» The November 22 meeting was 
devoted to two motion pictures, New 
Wings for the Navy and PB\M-3 Wing 
Destruction Tests. 

James R. McGratn, Secretary 


Georgia Institute of Technology 


Twenty-six members heard a talk by 
Robert S. Chubb, Operations Research 
Specialist of the Georgia Division of 
Lockheed Aircraft Corporation, at the 
January 23 meeting. 

Mr. Chubb spoke about ‘‘Aero 
dynamics.’ His talk was based on the 
three S’s: Subsonic, Supersonic, and 
Spiritual.. The subsonic portion con 
sisted of the basic principles of dynamic 
flight, displacement, lift, drag, circula 
tion theory, and two- and three-dimen- 
sional theory. In supersonics, he ex- 
plained buffeting, tucking, shock waves, 
and other basic theory, including the 
new ‘‘area rule In dealing with the 
spiritual, Mr. Chubb closed with a 
quotation from Proverbs, beginning: 

“There be three things which are too 
wonderful for me, yea, four which I 
know not Che way of an eagle in the 
> Fifty-eight members attended the 
January 9 meeting. John J. Harper, 
Faculty Adviser, announced that a 
Regional Student Paper Competition 
would be held in April at the University 
of Alabama. He urged the students to 
enter their technical papers. 

Bob Russ discussed Engineers’ Week. 
Chairman Roland Fuentes appointed a 
committee to arrange an IAS party for 
March 3. The meeting closed with the 
showing of two films, YVF-100A and 
Range Unlimited 


ROBERT 


Drowns, Secretary 


APRIL 1956 


Illinois Institute of Technology 


Seventy students attended the Oct 
ber meeting to hear a talk on ** Parachut 
Development” by Harold V. Hawkins 
AFIAS, Assistant Director of Cook 
Research Laboratories. He exhibited 
several types of parachutes. The lec 
ture was followed by a Cook Labora 
tories motion picture describing research 
on parachutes. 


MERRILL J. Foote, Secreta 


lowa State College 


A British motion picture, Powered 
Flight, was shown at the February | 
meeting. Placing special emphasis on 
the part played by British aircraft in 
aeronautical history, it closed with 
scenes of the de Havilland Comet. 
p> Arnold Anderson of the Aeronautical 
Engineering Department gave a talk on 
the Navy’s David Taylor Model Basin 
near Carderock, Md., at the January 18 
meeting. A movie showing the facili- 
ties of the model basin and the type of 
work there was shown before 
Professor Anderson began his talk. He 
explained the function, in the Naval 
development system, of the model 
basin, with which he was associated 
before coming to Ames in September, 
1955. Professor Anderson told about 
some of the projects he had worked on 
and some of the difficulties he had met 
He specifically described the problems 
that had been encountered while testing 
a model of a large helicopter in the model 
basin’s wind tunnel. 


done 


RoBERT D. DiGuton, Secretary 


Kansas State College 


P. G. Kirmser of the Applied Me- 
chanics Department spoke January 19 
on the ‘Bikini Able Baker A-Bomb 
Tests.’ Professor Kirmser formerly 
was a Naval Officer assigned to duty as 
a physicist in connection with these 
tests. He discussed methods of 
measuring the blast effects and related 
some of his own experiences. These 
comments were illustrated with. still 
pictures from news reports and books. 
His comments were followed by the 
presentation of a short film on the same 
subject selected from the file of the 
Olathe NAS by Bob Miller, Program 
Chairman. 

Preliminary plans for IAS participa 
tion in the Engineer’s Open House were 
discussed by Craig Birtell, Open House 
Chairman of the Student Branch. 

ELMER R. NELSON, Secretary 


Northrop Aeronautical Institute 

The subject of the January meeting 
was a talk on analog computers by 
Kenneth E. Heist of the Technical 
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diversification 


in action... 


the 46 major projects in progress at Lockheed 


ne engineers and scientists work on some 


ere are three main reasons: 


. More opportunity for promotion 
because there are more supervisory positions to 
be filled with 46 major projects underway, 
including 13 models of aircraft on assembly lines. 


. More career security 
because Lockheed activities cover virtually the 
entire spectrum of aeronautical endeavor. 


p. Life in Southern California 


Scenic beauty, unmatched climate, wide 
recreational opportunities enhance life in 
the San Fernando Valley. 


0 Engineers who lack aircraft experience 
ircraft experience is not necessary to join Lockheed. 
s your engineering training and experience that count. 


kheed trains you for aircraft engineering—at full pay. 


upon below is for your convenience in requesting 
plication form and more information on how 


Kheed’s expanding program can advance your career. 


-W. Des Lauriers, Dept. C-5-4 


KHEED AIRCRAFT CORPORATION 
MLIFORNIA DIVISION « BURBANK, CALIFORNIA 


hease send me a brochure describing life and work 
Lockheed and an application form. 
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Operations Research discussion 
on continental defense 
Operations Research openings 
_Electronics Specialists 
Fire Control and Guidance 
Specialists 
Aerodynamics Engineers 
Physicists 


Fatigue test on 
Super Constellation skin 


Structural Engineering openings 


Research Specialists 
Structures Engineers 
Stress Analysts 
Weight Engineers 


Why Lockheed offers Engineers better careers 


Design study on hydraulic 
requirements of new transport 
Design openings 
Design positions are open 
at all levels in controls, 
electrical, hydraulics, 
mechanical, power plant and 
structures fields. 


In-flight test on air 
speed performance 


Flight Test Engineering openings 


Flight Test Engineers 
Flight Test Analysts 
Instrumentation Engineers 
Electrical Research Engineers 


LOCKHEED 


California Division 


IBM 701 applied to jet 
transport flutter problem 
Math. Analysis openings 
Math. Engineers 
Math. Specialists 
Math. Analysts 


Aerodynamic meeting on 
high-speed fighter 


Aerodynamics openings 
Aerodynamics Engineers 
Aerodynamicists 

_ Dynamics Engineers 
Wind Tunnel Test Engineers 
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MINIATURIZATION 


with INCREASED RELIABILITY! 


BBON CONNECTORS 


7ONIHOWY 


illustrated actual size 


‘ 


“AM PHENOL 


CORPORATION 


chicago 50, illinois 


AMPHENOL CANADA LIMITED toronto 9, ontario 


Staff of The Ramo-Wooldridge Corpora 

Mr. Heist began by comparing ana 
log with digital computers and citing 
several examples of each type. He ther 
explained the function of the varioys 
components of a typical large analog 
machine in solving diiferential equa 
tions. As an example of its value to th, 
aeronautical engineer, Mr. Heist showed 
how the analog computer might by 
used in developing an automatic pilot 
both in preliminary design stage and jp 
evaluation of the manufactured product 
In conclusion, he emphasized the com 
puter’s ability to record several func 
tions in graphic form for study 

GARLAND QO. Goopwin 


Vice-C] airna 


Polytechnic Institute of Brooklyn 


George W. Benedict, of North Amer 
can Aviation, Inc., spoke at the Januan 
) meeting on opportunities available in 
the aviation industry. Sketching the 
growth of the aviation industry, he said 
750,000 persons are employed in 
today. There are problems in man 
fields which need to be explored, creat 
ing a demand for large numbers of 
engineers. North American Aviation 
has 13,000 engineers among its 62,000 
employees. 

Rocket propulsion and electronics are 
playing an increasingly important role 
he pointed out. In modern airplanes 
there are over + miles of wiring. Mis 
siles are taking a large share of the 
defense budget. High temperatures 
create the necessity of developing metals 
to withstand heat up to 7,000°F. In 
contrast, aluminum loses 40 per cent of 
its strength at 250°F. Techniques oi 
manufacture must also be studied. The 
application of coin dimpling to the 
Sabre added 10 m.p.h. to its speed. 

The talk was followed by a film on 
rocket propulsion developments at 
North American Aviation. 
> On December 14, Lawrence Kaufman 
of the Sperry Gyroscope Company 
delivered a talk entitled ‘Helicopter 
Flight Control.’’ Mr. Kaufman traced 
the history of the helicopter from the 
earliest beginnings of the idea in the 
time of Archimedes to the present. 
The chief problem with present-day 
helicopters, he said, is their lack of 
stability, which is most pronounced in 
pitch and roll. In addition to this, 
the helicopter requires five independent 
controls, some of which must be moved 
three to four times per second. There 
are two types of solution to the problem 
of instability—a mechanical or aero- 
dynamic mechanism and some form of 
automatic control such as the autopilot. 
The remainder of the talk was devoted 
to the autopilot. 

All autopilots should be operated 
from the basic controls, since many 
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pilots would be reluctant to use the 
automatic pilot if it were not attached 
tothem. The autopilot system consists 
of the following parts: the senser, 
which measures the helicopter’s atti 
tude; the pilot command facility, which 
sets up the desired helicopter attitude; 
the computer, which tells the servo 
mechanism how to move to get the 
desired attitude; the amplifier; and, 
finally, the servomechanism itself, which 
changes the helicopter attitude. Mr. 
Kaufman also discussed the necessity 
for developing failureproof components 
and the sequence in which a product 
was developed. Slides were used to 
illustrate his comments. 

HoOwarRD BAUM 

Recording Secretary 


Purdue University 


The following officers have been 
elected for the spring semester: L. 
Rittenhouse, Chairman; J. D. Morton, 
Jr., Vice-Chairman; D. D. Hofferth, 
Secretary ; and A. W. Stabler, Treas- 
urer. W. D. Hayden was appointed 
Program Chairman and W. R. Long, 
Publicity Chairman. P. E. Stanley and 
M. I. Fowler were chosen as Faculty 
Advisers. 

The election on January 17 was fol- 
lowed by a motion picture, Arnold 
Engineering Development Center Brief- 
ing Film, describing new test facilities 
at Tullahoma, Tenn. W. R. Long, a 
student member, then showed two 
films he had made at the National Air 
craft Shows of 1953 and 1954. 


DELBERT D. HOFFERTH, Secretary 


University of Alabama 


been 


Karl 


The following officers have 
elected for the spring semester: 


IAS NEWS 


QO. Ball, Vice-Chairman; J. O. Nichols, 
Secretary; and J. Herring, Treasurer. 
Election of a Chairman was postponed. 

Plans for the “Bama _ Educational 
Festival and for a joint meeting with 
other engineering societies were dis- 
cussed at the January 12 meeting. 
Edward W. Geller, Faculty Adviser, 
announced that the Student Branch 
had received an invitation to visit 
Redstone Arsenal, Huntsville, Ala. 
The meeting closed with a film on the 
Lockheed P-38. 
> Our December *} meeting was held in 
Starkville, Miss., with the Student 
Branch of Mississippi State College as 
host. J. J. Cornish, of the Department 
of Aerophysics at Mississippi State, 
spoke on “The Theory of Boundary 
Layer Control by Suction.”’ 

The visitors from Alabama toured 
the Aerophysics Department’s facilities. 
There was a flight demonstration of an 
airplane utilizing boundary-layer con- 
trol by suction to reduce its stalling 


speed. The plane was piloted by T. 
Moore, a member of our Student 
Branch. 


> Fifty-five students attended the No- 
vember 17 meeting. Colgan H. Bryan, 
Head of the Department of Aeronauti- 
cal Engineering, outlined plans for 
Regional Student conferences to be held 
in April at Dallas, Tex., and here in 
Atlanta. The members voted to accept 
the invitation from the Texas Section 
and to select two papers to be pre- 
sented in person by their authors. 

S. Walter Hixon, Jr., Director of 
Training at Langley Aeronautical 


Laboratory, National Advisory Com- 
mittee for Aeronautics, described the 
various types of research conducted at 
Langley Field, Va., and mentioned some 
outstanding contributions to aviation 
that originated there. He 


told of a 


Three members of the IAS Student Branch at the University of Oklahoma study a rocket en- 


ve in the Propulsion Laboratory. Left to right: Prof. B. V. Ketcham, Ralph Capshaw, 


homas Shoebotham, and Warren Adam. 
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Government-sponsored training pro 
gram for graduate students employed by 
NACA as Aeronautical Research Scien 
tists. An NACA movie was shown. 


Karu BALL, Secretary 


University of Kentucky 


Karl O. Lange, Faculty Adviser of 
this new Student Branch, spoke at the 
January meeting on the advantages of 
membership in the Institute of the 
Aeronautical Sciences. Wendell Nor 
man, Program Chairman, discussed the 
Institute’s two magazines, the AERO- 


NAUTICAL ENGINEERING REVIEW and 
the JOURNAL OF THE AERONAUTICAL 
SCIENCES. 


Fourteen new members were enrolled 
at this meeting. Leonard Bennett was 
appointed Program Chairman, succeed- 
ing Mr. Norman. 


WALTER J. BLAcKSON, Secretary 


University of Michigan 


Peter Audano, a Senior Group Engi 
neer in the Fort Worth plant of Convair, 
A Division of General Dynamics 
Corporation, spoke at the January 10 
meeting. He was introduced by Chair- 
man Robert Lauer. 

Describing the work and status of 
“The Aeronautical Engineer in Indus- 
try Today,” Mr. Audano called atten- 
tion to the many problems that must be 
solved by the aeronautical engineer in 
aerodynamics, structures, 
and related fields. 


propulsion, 


ROBERT R. JONES, Secretary 


University of Notre Dame 


Thomas Mahoney was elected to the 
IAS Engineering Advisory Board at 
the January 30 meeting. 

p At the December 2 meeting, Chair- 
man Joseph P. Poynton welcomed one 
of Notre Dame's successful engineering 
graduates, Robert S. Kraemer, TMIAS, 
Supervisor of Preliminary Analysis at 
the Propulsion Center of North Ameri- 
can Aviation, Inc., Los Angeles. Mr. 
Kraemer described his experiences as a 
young engineer on his first job and gave 
some helpful hints on what to expect 
in industry. After a discussion of 
rocket engine design and testing, a 
color sound film was shown describing 
North American’s rocket-sled tests to 
determine the strength of various para- 
chute fabrics. Seventy-five students 
were present. 

RAYMOND J. MAUREN, Secretary 


University of Oklahoma 


B. J. Simmons of the Autonetics 
Group, North American Aviation, Inc., 
spoke on “Inertial Navigation” at our 
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January 31 meeting. This is a new 
method of navigation for guided mis 
siles and supersonic aircraft. Forty 
two members and guests were present 

Emmett Fry was elected Chairman 
and Larry Mozier, Vice-Chairman for 
the spring semester. 

Following a discussion about the 
Iingineers’ Open House, the Student 
Branch decided to appropriate $75 
to complete a full-size airplane being 
built by two of our members from plans 
in Mechanix Illustrated. The plane 
will be exhibited at the Open House in 
March. 

THoMAs B. SHOEBOTHAM, Secretary 
Seniors were interviewed at the 
December 13 meeting by two personnel 
representatives of the Tulsa Division 
of Douglas Aircraft Company, Ince. 
One of the visitors, Jim Kelm, a Stress 
Engineer, was an O.U. graduate. A 
trip to the Douglas plant may be ar 
ranged for members of the IAS Student 
Branch. 
p> Sixty members and guests attended 
the December (6 meeting at which a 
vroup photo was made for the college 
vearbook, the Sooner. Two films of 
exceptional interest were shown—one 
on the Boeing KC-135 Stratotanker and 
the other on the Northrop Flying Wing. 

Faculty Adviser L. A. Comp discussed 
the annual Southwestern Student Paper 
Competition to be held in Fort Worth 
in April. The members voted unani- 
mously to accept the Texas Sec- 
tion’s invitation to be represented. 

PHIL FISHER, Chairman 


University of Southern California 


Welko E. Gasich, MIAS, spoke on 
‘General Preliminary Design Problems”’ 
at the November 28 meeting. Mr. 
Gasich, who is Chief of Preliminary 
Design at Northrop Aircraft, Inc., out- 
lined some of the outstanding design 
problems of the aircraft industry. 
p> ‘The best field trip we ever attended”’ 
took place November 16 when 20 
student members visited the NACA’s 
High-Speed Flight Station at Edwards 
AFB, Calif. After introductory talks 
by three NACA engineers, most of the 
experimental aircraft and the instru- 
mentation used for recording test data 
were inspected. 
> Walter Powell of the Jet Propulsion 
Laboratory at Caltech spoke at the 
noon meeting on November 14. His 
subject was “Problems and Goals in 
Rocket Propulsion.”” Three of the 
principal problems encountered in rocket 
design, he said, are heat transfer, selec- 
tion of proper metals, and determina- 
tion of high-stress-concentration areas. 
The lecture was illustrated with slides 
showing rockets designed and tested at 
Caltech. 

GILBERT HERRERA, Secretary 


NEERING REVIEW 


University of Utah 


Lieutenant Marvin J. Tobias. USAF, 
a senior engineering student and a 
pilot in the Utah A’r National Guard, 
spoke at the January meeting on 
Problems Confronting a Jet Pilot.”’ 

He described flight characteristics of 
jet airplanes in general, explaining how 
most of these characteristics were ad 
vantageous to the “flying gun plat 
form’ and how some created problems 
for the pilot. 

Of special interest was the concern 
for pilot safety and comfort exemplified 
by pressurized cockpits, oxygen sys 
tems, cooling and heating, G-suits, and 
emergency procedures and tactics. 

A Lockheed film, Aeroelasticity of 
Supersonic Wings, was shown after the 
talk. It was agreed that more senior 


engineers should be invited to speak 
at the IAS meetings. 


SAL TRIPOLI, Secretary 


Virginia Polytechnic Institute 


A motion picture, Higher and Faster, 
was shown at the January 24 meeting. 
It covered the design, construction, 
and testing of the Republic F-s4 
fighter-bomber 

The Student Branch discussed plans 
for the Engineering Conference to be 
held here April 27 and 28 and for the 
IAS Regional Student Conference in 
Atlanta. 


- GEORGE E. POWELL, Secretary 


West Virginia University 


Two color films were shown at the 
January + meeting. The Intruders 
emphasized the difficulty of convince 
ing the public that jet-engine noise is a 
necessary evil, not a vicious plot against 
Mr. Average Citizen. Horizons Un 
limited showed the assembly, testing, 
and firing of Viking rockets at White 


Sands Proving Ground, N. M. This 
film included shots of the earth made 
from extremely high altitudes 

The Engineers’ Ball was held j 
January. 


Spin Tunnel 


> A talk on the National Advisory 
Committee for Aeronautics brightened 
the December 7 meeting. The speaker 
was A. I. Neihouse, Head of the Spin 
Tunnel Section of Langley Aeronautical 
Laboratory, NACA, Langley Field, Va 

Listing some of the wind tunnels and 
other laboratory facilities of the NACA 
Mr. Neihouse touched on the aero 
dynamics work done at Langley, jet 
engine research at Lewis Flight Propul 
sion Laboratory in Cleveland, and 
supersonic research at Ames Aero 
nautical Laboratory at Moffett Field 
Calif. He described his own work in 
the Spin Tunnel, which was one of the 
NACA’s first wind tunnels and which 
has furnished test data on stability and 
control that has proved vital to the de- 
sign of every modern American air 
plane. Dynamic scale models of 
fighters, particularly, are flown in the 
Spin Tunnel before the prototype is con 
structed. 

The importance of the study of spin 
characteristics (despite lack of publicity, 
Mr. Neihouse remarked) was brought 
home forcibly by several striking ex- 
amples. For instance, many MiG-15 
kills were scored in Korea because the 
Russian-built fighter had poor spin re- 
covery, while there is no record of an 
American F-86 spinning in. 

The speaker showed a film describing 
how the small flying models used in the 
Spin Tunnel are constructed and how 
they are tested to demonstrate the in- 
herent spin-recovery characteristics of 
the airplanes they represent. 

RAY HERRING 
Corresponding Secretary 


ELECTED 


The following applicants for membership or 


have been admitted since the publication of the 


Elected to Associate Fellow Grade 


Baker, W. R. G., Dr. Engr., V-P—Elec- 
tronics Div., General Electric Co. (Syra- 
cuse ). 


Bauer, Chester R., B.S. in Ae.E., Aero- 
dynamics Engr., Douglas Aircraft Co., 
Inc. (Long Beach 


Dietz, Robert O., B.S.M.E., Chief of 
Staff—Engrg. & Asst. Chief—Engine 
Test Facility, ARO, Inc. 


applicants for change of previous grades 
list in the last tssue of the Review. 


Herrmann, Werner E., Flight Test 
Analysis Engr. ‘‘A,’’ Flight Test Elec- 
tronics Dept., Missile Systems  Div., 
Lockheed Aircraft Corp. (Van Nuys). 

Hills, Ronald, B.A., Chief Executive, 
Aircraft Research Assn. (England). 

Keen, Edward D., B.Sc. (Engrg.), Chief 
Designer, Sir W. G. Armstrong Whit- 
worth Aircraft Co., Ltd. 

Pedersen, Arthur H., B.S. in C.E.,, 
Chief Test Engr., McDonnell Aircraft 
Corp. 
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PIPERS 
THREE... 


Cocled by Harrison! 


It’s no “pipe” to cool these popular Pipers—the Apache, 
Tri-Pacer and Super Cub. For they’re just about the busiest 
planes you'll find anywhere . . . on the job every day 
serving the businessman on the go. Dependable Harrison oil 
coolers are on the job, too . . . keeping the heat down, 
keeping temperatures level for top efficiency, peak 
performance. From mighty bomber to small business plane, 
Harrison coolers cover the market in the sky. 

Harrison coolers are engineered for every job . . . they’re 
rugged and reliable, compact and lightweight. That’s 

why Piper picks Harrison for the vital cooling job. 

If you have a cooling problem, Harrison’s got the answer! 
HARRISON RADIATOR DIVISION, GENERAL MOTORS CORP., LOCKPORT, N.Y. 
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Pennig, Carl J., B.E.E., Mgr., Piloted 
Aircraft Engrg. Div., Goodvear Aircraft 
Corp. 


Transferred to Associate Fellow Grade 


Bingham, Kenneth B., B.S. in M.E., 
Asst. Design Engr., Douglas Aircraft Co., 
Inc. (Santa Monica). 

Brannin, Richard S., B.S.E.E., Dir.— 
Research & Advanced Devel., Aero. 
Equipment Div., Sperry Gyroscope Co. 
Div., Sperry Rand Corp. 

Britton, Sydney L., B.S. in Ae.E., Chief 
Proj. Engr., Orenda Engines, Ltd. 

Corson, Blake W., Jr., B.S., Aero. Re- 
search Scientist, Section Head, NACA, 
Langley AFB. 

Putt, Gladyn H., B.S., Research Admin., 
The RAND Corp. 

Zahorski, Adam T., Ph.D., Chief, 
Struct. Div., Aerophysics Development 
Corp. 


Elected to MEMBER Grade 


Alexander, Ray B., Lab. Staff Armament 
Engr., McDonnell Aircraft Corp. 

Allen, Warren L., B.S., Proj. Engr., 
Design Group, Allison Div., General 
Motors Corp. 

Allmeroth, Henry G., Design Engr., 
East Coast Aeronautics, Inc 

Anderhub, Anthony P., B.S., Physical 
Test Engr., McDonnell Aircraft Corp. 

Barry, Farris R., B.S., Design Engr., 
McDonnell Aircraft Corp. 

Bellan, Theodore M., M.S. in M.E., 
Supvr.—Dept. of Applied Math., Mc- 
Donnell Aircraft Corp. 

Bernard, Margaret H., A.B., Group 
Leader, Aerodynamic Dept., McDonnell 
Aircraft Corp. 


Bowman, Donald R., B.S. in M.E. 
(Aero.), Aerodynamicist, McDonnell Air- 
craft Corp. 

Boyd, Thomas R., B.S. in M.E., Proj. 
Engr., Aircraft Div., Shakeproof Div. of 
Illinois Tool Works. 

Brackin, Harl V., Jr., Engrg. Designer 
“B,” Engrg. Dept., Boeing Airplane Co. 
(Seattle). 

Brandenberg, Carl F., B.S.M.E., Group 
Engr., McDonnell Aircraft Corp. 

Breeden, Joseph S., B.S.M.E. (Aero.), 
Engr.—Fuselage Struct., American Air- 
lines, Inc. (Tulsa). 

Brown, William A., B.S., Asst. Proj. 
Weight Engr., McDonnell Aircraft Corp. 

Butler, George V., Staff Asst.— Missiles 
Design, Douglas Aircraft Co., Inc. (Santa 
Monica). 

Coutler, Thomas F., B.Sc. in Ae.E., 
Weights Engr., McDonnell Aircraft Corp. 

Danzinger, J. R. F., Design Engr., Mc- 
Donnell Aircraft Corp. 

Dougherty, Richard H., Consulting 
Engr., self-employed. 

Duncan, William, B.S.M.E.,_ Sales 
Engr., Westinghouse Electric Corp. ( Phila 
delphia). 

Engstrom, Bert A., B.S.M.E., Sr. Mech 
& Proj. Engr., Cook Research Labs. Div., 
Cook Electric Co 


Enzmann, George, B. of Ae.E., Stress 
Analyst “A,”’ Boeing Airplane Co. (Ren 
ton). 

Fila, Ladislaus J., A.E., Assoc. Prof 
Mech. Engrg., Oklahoma A&M College 

Flournoy, James W., B.S., Design 
Group Engr., McDonnell Aircraft Corp 

Genteman, Marion F., Chem. & Metal 
lurgical Staff Engr., McDonnell Aircraft 
Corp. 

Griffin, Maurice W., B.S. in Ae.E., Proj 
Struct. Dynamics Engr., Airplane Div., 
McDonnell Aircraft Corp. 

Gunkel, Walter W., B.S.A.E., General 
Supvr.—Test Proj. Control, Allison Div., 
General Motors Corp 

Hansell, H. S., B.S.M.E., Major Gen., 
USAF (Ret.); Consultant, Defense Plan- 
ning Service, General Electric Co. (Wash- 
ington, D.C 

Johnson, Melvin, Sr. Engr., Proj. 
Leadman, North American Aviation, Inc. 
(Columbus ) 

Kamrass, Murray, M.S. in M_E., Re- 
search Engr., Mech. Indus. Div., Cornell 
Aeronautical Lab 

Kelley, James A., A.A. in Ae.E., Sys- 
tems Engr., Power Plant Group, McDon- 
nell Aircraft Corp 

Lammert, Charles W., B.S.M.E., De- 
sign Engr., McDonnell Aircraft Corp. 

La Rocca, Aldo V., Ph.D. in Applied 
Mech., Tech. Engr., Advanced Compres- 
sor Devel. Sect., AGT Div., General Elec- 
tric Co. 

Longyear, Alfred B., B.S., Tech. Rep. 
(Dayton Office), Rocket Power Plant 
R&D & Production, Aerojet—General 
Corp. 

Lovelace, John E., Lead Engr., McDon- 
nell Aircraft Corp 


Maloney, Joseph A., B.S.A.E., Asst. 
Chief Test Engr., McDonnell Aircraft 
Corp 

Mathauser, Eldon E., M.Sc. in Engrg 
Mech., Aero. Research Scientist, Struct 
Div., NACA, Langley AFB. 

McFarland, Donald C., Design Engr., 
McDonnell Aircraft Corp. 

Mead, Raymond J., B.S.E.E., Group 
Leader, Missile Dvnamics, McDonnell 
Aircraft Corp 

Mickey, Fred E., M.S. in Aero., Sr. 
Test Engr., Aerodynamic Test Div., 
Univ. of California, Engrg. Center. 

Mollering, William H., B.S., Staff Engr., 
Electronics & Guided Missiles, Convair, 
Pomona, A Div. of General Dynamics 
Corp. 

Moskovitz, Abraham I., B. of Ae.E., 
Design Specialist, Guided Missile Div., 
Republic Aviation Corp 

Nold, Winston D., Proj. Group Engr., 
McDonnell Aircraft Corp. 

Oswald, Andrew, M.S., Dynamicist, 


Guided Missile Div., Northrop Aircraft, 
Inc. 


Owen, Roland E., B.S., Asst. Chief 
Production Flight Test Dept., Northrop 
Aircraft, Inc 


Pennock, Anthony P., B.S.M.E., Ther 


modynamics Engr., Lockheed Aircraft 
Corp. (Burbank 


Post, Roy J., B.S.A.E., Design Engr, 
McDonnell Aircraft Corp. 

Pruett, Robert G., B.S.A.E., Struct. 
Design Engr., McDonnell Aircraft Corp, 

Reithmaier, Lawrence W., B.S., Ther- 
modynamics Group Leader, McDonnel 
Aircraft Corp. 

Rudoff, Paul, B.S. in E.E., Design 
Engr., McDonnell Aircraft Corp. 

Sayer, John D., M.S., Design Engr, 
McDonnell Aircraft Corp. 

Schilling, Berg L., Cockpit, Instry- 
mentation, & Crew Equipment Systems 
Engr., McDonnell Aircraft Corp 

Schraivogel, Karl J., Dipl. Ing. (M.Sc.), 
Research Engr.—Struct., Research Dept., 
Lockheed Aircraft Corp. (Burbank). 

Scott, Wilfred A., Design Engr., Me- 
Donnell Aircraft Corp. 

Seat, Robert L., B.S.M.E., Functional 
Test Supvr., McDonnell Aircraft Corp. 

Sedgwick, Thomas A., M.S., Thermo- 
dynamicist, Lockheed Aircraft Corp. 
(Burbank). 

Sherf, William O., B.S., Commercial 
Sales Rep. for Australasia, Douglas Air- 
craft Co., Inc. 

Starrett, Philip S., M.S. in M.E., Group 
Engr.—Thermodynamics Research, Lock- 
heed Aircraft Corp. (Burbank). 

Statler, Fred J., Jr.. B.S.M.E., Design 
Engr., McDonnell Aircraft Corp 

Stifel, Eugene F., B.S. in E.E., Design 
Engr., McDonnell Aircraft Corp 

Thompson, James K., B.S. Math, 
Tech. Adviser—Fifth Phase Testing, 
WADC, WTCET, Wright-Patterson AFB 

Tsuchiya, Jurio, M.S., Research Aero- 
dynamicist, Aerophysics Dept., Missis- 
sippi State College. 

Waddell, Claude E., M.S.Ae.E., Asst 
Prof., Univ. of Colorado. 

Watson, June J., B.S. in Education, 
Lab. Engr., Applied Math. Dept., Mc- 
Donnell Aircraft Corp. 

Webb, Edward I., B.S.M.E., Design 
Engr., Fairchild Aircraft Div., Fairchild 
Engine & Airplane Corp. 

Werdes, Robert J., Methods & Pro- 
cedures Engr., Struct. Dynamics, McDon- 
nell Aircraft Corp. 


Wolfe, William D., Jr.. B.E.E., Design 
Engr., McDonnell Aircraft Corp. 

Wright, Clarence J., B.S. in M.E., De 
sign Engr., McDonnell Aircraft Corp 


Zimmerman, Robert J., B.S.E.E., Asst. 
to V-P—Engrg., Radioplane Co. 


Transferred to MEMBER Grade 


Bennett, Charles J., S.M., Major, 
USAF; Chief—Delivery Support Branch, 
Devel. Dir. Hq., AFSWC, Kirtland AFB 

Bruyette, Gerald W., B.M.E. (Aero)., 


Supvr.—Functional Evaluation, McDon- 
nell Aircraft Corp. 


Burke, Joseph E., B. of Ae.E., Lead De- 
signer, Equipment Group, Chance Vought 
Aircraft, Inc. 

Byers, Richard A., B.S.M.E., Research 
Engr., Problems Analysis Group, Special 
Proj. Dept., Missile Systems Div., Lock- 
heed Aircraft Corp. (Van Nuys) 
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Anechoic Chamber in World's Largest Sound Laboratory, 
General Electric Company, Pittsfield, Massachusetts 
AN-ECK-OIC® wedges, Radiation Shielding and Spring 
Tension cable floor fabricated and erected by THE 
ECKEL CORPORATION, Cambridge, Massachusetts 
Engineers, Charles T. Main, Incorporated Contractor, 
Gilbane Building Company. 


Anechoic Chambers are recognized as valuable 
facilities for analyzing noise sources in aircraft, 
engines, components, auxiliary machines, elec- 
tric and audio equipment. 

In many of the Anechoic Chambers in the 
United States, AN-ECK-OIC® Wedge units 
made by —THE ECKEL CORPORATION 
provide the near perfect sound absorption. 


The Eckel Corporation Engineering and In- 
stallation organization can be helpful to you in 
solving your sound laboratory problems. 

For the silencing of Engine Test Cells, Firing 
Ranges, noisy machines and equipment consider 
the use of ECKOUSTIC® Sound Control Panels 
— product of THE ECKEL CORPORATION 


THE ECKEL CORPORATION 


155 Fawcett Street 
Cambridge 38, Massachusetts 


AN-ECK-OIC® Wedees ECKOUSTIC® Panels 


From Water Level To Stratosphere... 


Pittsburgh 
FABSEAL 


Makes Flying Safer... 


More Efficient! 


Millions of flying hours prove the 
dependable performance of these impregnated 
fabric tapes in civilian and military use! 


@ Many of America’s leading 
builders of aircraft use Pitts- 
burgh’s FABSEAL Tapes with 
complete confidence in their 
outstanding quality to seal flying 
boats, pressurized cabins and 
for other applications where 
there is considerable racking 
movement. 


@ FABSEAL Tapes are im- 
pregnated fabric of uniform 
density, resistant to water, 
gasoline and oil. They are avail- 
able in .015” thickness and in 
widths from %2” to 12”, pack- 
ages in rolls of 50 feet. 


@ These tapes are particularly 
designed for use in fluid or air 
containers where excessive 
pressures are experienced. 
They are also adapted for seal- 
ing structural members where 
flexibility and vibration present 
unusual requirements. FAB- 
SEAL Tapes can also be bolted, 
riveted or screwed between 
metal, wood or fiber members 
to provide a fillet that assures 
a complete seal. 


@ Call on us for advisory serv- 
ice. Our wide experience in the 
aircraft field often can save you 
time and money. 


PITTSBURGH PLATE GLASS CO., Industrial Paint Div., 
Pittsburgh, Pa. Factories: Milwaukee, Wis.; Newark, 
Springdale, Pa.; Houston, Texas, Los Angeles, Calif.; Portland, 


Ore. 


itzler Color Div., Detroit, Michigan. The Thresher Paint 


& Mag Co., Dayton, Ohio. Forbes Finishes Division, Cleveland, 
Ohio. M. B. Suydam Div., Pittsburgh, Pa. 


PAINTS ¢ GLASS « CHEMICALS e BRUSHES « PLASTICS « FIBER GLASS 


PiTTsBURGH PAINTS 


PITTSBURGH PLATE GLASS COMPANY 
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Fritz, Charles W., M.S. Engrg., Lt 
Comdr., USN; Executive Officer, Attack 
Sq. Eight Five, NAS. 

Gale, Austin H., M.S., Member, Tech 
Staff, Aero. Dept., Weapons Systems 
Devel. Labs., Hughes Aircraft Co. 

Gorowitz, Harold, M.S. in Ae.E., Aero- 
dynamics Engr., North American Avia- 
tion, Inc. (Los Angeles). 

Harkins, Wallace G., B.S., Unit Leader, 
Aerodynamics Engr., Marquardt Aircraft 


Co, 


Higgins, Thomas P., Jr., M.S. in Aero., 
Weapons Systems Analyst, Lockheed Air 
craft Corp. (Burbank). 

Homsher, Paul T., B.S. in Ae.E., Proj. 
Admin. Engr., Flight Test Dept., Me- 
Donnell Aircraft Corp. 

Kaplan, Abner, Ph.D. in Ac.E., Mem- 
ber—Tech. Staff, Aeromech. Group, 
Guided Missiles Research Div., The 
Ramo-Wooldridge Corp. 

MacLellan, Andrew D., B.S.E. (Ac.E.), 
Sr. Dynamics Engr., Convair, San Diego, 
A Div. of General Dynamics Corp. 

Martinson, Theodore V., B.S., Civilian 
Chief—Weapons Support Engrg. Div., 
McClellan AFB. 

Masaki, Mamoru, B.S. in M.E. (Aero.), 
Design Specialist, Convair, San Diego, A 
Div. of General Dynamics Corp. 

McCormick, Glen S., 
Supvr., Cessna Aircraft Co. 

McDonald, Robert D., B.S. (Aero.), 
Flight Test Engr., North American Avia- 
tion, Inc. (Los Angeles). 

Regan, Joseph F., M.S.M.E., Capt., 
USAF; AF Devel. Field Rep., USAF R&D 
Command (New York). 

Rex, James F., Ac.E., Lt., USN; Naval 
Aviator, attached to VQ-1, Operations 
Dept. 


Engrg. 


Richardson, Franklin G., B.S. in Ac.E., 
Test Design Engr., McDonnell Aircraft 
Corp. 


Elected to Associate Member Grade 


Adams, John M., B.A., Powerama 
Attendant & Lecturer—Turbojet & 
Turboprop Engines, General Motors Corp. 

Berman, Harold, Head—Tech. Informa- 
tion Dept., Naval Air Missile Test Center 
(Point Mugu). 

Dougherty, Dora J., Ph.D. in Aero. 
Education, Research Assoc., Aviation 
Psychology Lab., Univ. of Illinois. 

Jones, James R., B.S., Jr. Engr. “A,” 
Retrofit & Modification Engr., Boeing 
Airplane Co. (Wichita). 

Kiefer, Frank V., Sales Engr., Fleet 
wings Div., Kaiser Metal Products, Inc. 

Lahr, H. Ray, B. of Engrg., First Officer 
& Pilot, United Air Lines, Inc. (Chicago). 

Lindberg, Robert E., B.E., Customer 
Liaison Engr., Sales, Servomechanisms, 
Inc. 

Masters, Edward B., Teacher, AGT 
Div., General Electric Co. (Cincinnati). 


Elected to Technical Member Grade 


Barto, John A., Design Engr., McDon- 
nell Aircraft Corp. 


Bender, Ray W., B.S. in Ae.E., Thermo- 
dynamics Engr., Convair, San Diego, A 
Div. of General Dynamics Corp 

Bennett, Brad, B.S., Data Analyst 
Flight Test, McDonnell Aircraft Corp. 

Bonney, Edward P., Physical Test 
Engr., McDonnell Aircraft Corp 

Brewer, N. David, B.S., Process Engr., 
MacDonald Brothers Aircraft, Ltd. (Can- 
ada). 

Bruski, Edmund, Design Engr., Con 
vair, San Diego, A Div. of General Dy 
namics Corp 

Daniels, Carl T., B.Sc. in M.E., Physi 
cal Test Engr., McDonnell Aircraft Corp 

Davie, Joseph L., A.B., Programmer & 
Problem Analyst, McDonnell Aircraft 
Corp. 

Epstein, Norvel, Design Engr., MeDon- 
nell Aircraft Corp 

Ermer, Geroge C., B.S., Loads Engr., 
McDonnell Aircraft Corp. 

Figueroa, Louis M., AAE, Loads Engr., 
McDonnell Aircraft Corp. 

Goodrich, John W., B.S. in M.E., Capt., 
USAF; R&D Staff Asst., Plans Office, 
Directorate of Research, WADC, Wright- 
Patterson AFB 

Haswell, David B., B.S. (Aero.), Jr. 
Aerodynamicist, North American Avia- 
tion, Inc. (Columbus) 

Hendel, John F., B.S. in M.E., Design 
Engr., McDonnell Aircraft Corp. 

Henninger, Raymond E., Engr. ‘‘A,”’ 
McDonnell Aircraft Corp. 

Hess, Robert W., B.S. in Ae.E., Aero. 
Research Scientist, NACA, Langley AFB. 

Hieken, Milton H., B.S., Physical Test 
Engr., McDonnell Aircraft Corp. 

Hurlin, John C., A.B., Assoc. Mathema 
tician, Flight Control Group, Analytical 
Sect., Air Arm Div., Westinghouse Elec- 
tric Corp. ( Baltimore). 


Jalon, Manuel, Ing. Aeronautico, Capt. 
Ing. Aero., Jefe Del Escuadron De Main- 
tenimiente De La Base Aerea Valensuela 
de Zaragoza, Ejercito Del Aire De Espana. 

Jensen, Robert M., Aircraft Electrical 
Systems Engr., Aircraft Engrg. Div., 
Lear, Inc 

Kisslinger, Robert L., B.S. (Gph. 
Engrg.), Engr.—Dynamics, Automatic 
Flight Control Dept., McDonnell Aircraft 
Corp. 

Klockzien, Vincent H., B.S., Assoc. 
Engr., Flight & Mech. Lab., Douglas 
Aircraft Co., Inc. (Santa Monica). 


Mabie, Edward L., B.S. in M.E., Layout 
Engr., McDonnell Aircraft Corp. 


McElhiney, Robert S., B.S.M.E., De 
sign Engr., McDonnell Aircraft Corp 


McKeon, James C., B.S., Detail Engr., 
Experimental Test—Jet & Turboprop 
Engines, Allison Div., General Motors 
Corp. 


Niemeier, Herman R., B.S.C.E., Test 
Engr., Physical Test Lab., McDonnell 
Aircraft Corp 

Osborne, James T., B.S. in Physics, 
Weight Engr., Lockheed Aircraft Corp. 
( Marietta) 


ARAL, 


Page, Armand J., Liaison Engr., Lang 
ing Gear Group, Fairchild Aircraft Diy 
Fairchild Engine & Airplane Corp 

Ray, Donald W., Test Engr., Mc}Donne| 
Aircraft Corp. 

Shultz, Bennie, M.M.E.,  Associaty 
Engr.—Stress, Douglas Aircraft Co., Ine 
(Tulsa) 

Shyken, Norman P., B.S.M.E., Thermo. 
dynamics Engr., McDonnell 
Corp. 

Thirolf, Robert G., B.S.E.E., Design 
Engr., McDonnell Aircraft Corp 

Tiebout, Charles R., III, B.S., Weight 
Engr., McDonnell Aircraft Corp 

Vanberg, Benjamin J., B.S.C.E., Test 
Engr., McDonnell Aircraft Corp. 

Wilkis, Alan E., B.S. in M.E., Test 
Engr., Physical Test Lab., McDonnell 
Aircraft Corp. 


Aircraft 


Transferred to Technical Member 
Grade 

Ahl, James E., Rocket Test Engr, 
Propulsion Field Lab., North American 
Aviation, Inc. (Chatsworth). 

Balfe, John M., B.S. in Ae.E., Lt., USN 

Barrow, Jack A., Jr., Design Engr, 
North American Aviation, Ine. (Los 
Angeles). 

Benton, William C., Major, 
USMC; Aircraft Maint. Officer 

Berry, Welton B., B.S., Grade “A,” 
Engr., McDonnell Aircraft Corp 

Blumer, Charles, M.S. of Ac.E., Aero- 
dynamics Engr., Convair, San Diego, A 
Div. of General Dynamics Corp 

Breul, Harry T., B.S. in Ac.E., Research 
Engr., Grumman Aircraft 
Corp 

Buloc, Eugene, Engr., Designer, Rocket 
dyne Div., North American Aviation, Inc 
(Canoga Park). 

Campbell, Dale E., M.Sc., Engr 
Aerodynamics, North American Aviation, 
Inc. (Downey ). 

Carter, Kenneth C., B.S., Engrg., Air- 
craft Designer, Hughes Aircraft Corp 

Chan, Gilbert T., B.S., Design Trainee, 
Grumman Aircraft Engineering Corp 

Class, Philip L., B. of Ae.E., Engr. 
Aerodynamics, North American Aviation, 
Ine. (Columbus) 

Demeules, Joseph E., Jr. Engr., Loads 
Dept., Northrop Aircraft, Inc 

Elliott, David, M.S.E. in Ae.E., Scien- 
tific Officer, National Physical Lab 
(England). 

Ferris, Edwin W., Jr., Instrumentation 
Engr., Grumman Aircraft Engineering 
Corp. 

Fox, Kenneth L., B.S. in Aero., Design 
Engr., Class ‘“‘B,’”” McDonnell Aircraft 
Corp. 

Fulayter, Ronald J., B.S. in 
Flight Test Engr., McDonnell Aircraft 
Corp. 

Gayne, William J., Design Trainee, 
Grumman Aircraft Engineering Corp. 

Graf, Donald, M.S. in Ae.E., Assoc 
Engr., Douglas Aircraft Co., Inc. (Long 
Beach ). 


Engineering 


Hill, Louis L., Design Engr., North 
American Aviation, Inc. (Downey). 
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Newly Re Revised 
TEST EQUIP. 


> ENGINEERS 
% These DATA SHEETS 
B will save 


your firm 


® thousands of dollars in 
; searching 


for data on 


"] EQU IPMENT and give 
% you comprehensive and 
descriptive data easily 
accessible 
® son, current and packed 
® with vital working information. 
& available to industry for the first time 
e Order your copy of the 4 volume set 


for compari- 


Now 


containing illustrative data sheets on 
almost 1100 items procured for use 
by the U.S. Air Force. 
Contains over 3,000 (8!/2” xX 11”) 
pages, newly revised, mounted in 3 
post expandable hard back binders. 
Price $135 per set plus tax & express 
charges while supply lasts. Express 
i on orders accompanied by 
Free Sample Data Sheet with 
further details furnished on request. 


CARL L. FREDERICK AND ASSOCIATES 


Bethesda 14, Maryland 


Consult your 


1956 AERONAUTICAL 


ENGINEERING CATALOG... 


for suppliers of aircraft parts, 


materials, and services 


© A master file of company product 
catalogs. 


30,000 listings to vendors of over 
2,000 aircraft and guided missile 


materials and components. 


Names, current addresses and 
general description of products of 


all principal manufacturers. 
® Handy inquiry postcards. 


AN OFFICIAL PUBLICATION: 


INSTITUTE OF THE 
AERONAUTICAL SCIENCES 
2 E. 64th St. 


New York 21, N.Y. 


IAS NEWS 


Hodge, Sydney L., B.S., Aero. Design 
Engr., Class 3, Fairchild Aircraft R&D 
Div. (St. Augustine). 

Hop, Howe, B.S., Asst. Engr., 
Aircraft, Inc. 

Igne, Elpidio, Engr.—Stress Analysis, 
North American Aviation, Inc. (Canoga 
Park). 

Jaeb, Jerome BS. in AcE:,. Jr. 
Engr. Boeing Airplane Co. 

Langley, Carlisle E., 
Engr., North American 
(Downey). 

Lundberg, John R., Assoc. in Ae.E., 
Design Engr., McDonnell Aircraft Corp. 

Mandour, Joseph A., B.S., Assoc. Engr. 
—Aero., The Glenn L. Martin Co. 

Marshall, John T., Jr., B.S. in Ae.E., 
Lt., USN; Naval Officer & Aviator, VC-35, 
NAS IS (San Diego). 

Martino, Rocco L., Ph.D., 
physics Div., Adalia, Ltd. 

McCallum, Elmer A., Jr., B.S. in Ae.E. 
USN. 

Muhl, Richard R., 


Northrop 


Instrumentation 
Aviation, Inc. 


Head—Aero- 


B:S.E.,. Ens., USN. 


Murphy, Richard D., B.S. in Ae.E., 
Research Design & Devel. Engr., Aero- 
dynamics Lab., USN, Taylor Model 


Basin (Carderock). 

Myers, Carl S., Jr., B. of Ae.E. 

Overend, Walter J., B. of Ae.E., Sr. 
Engr., Delta Airlines (Atlanta). 

Perius, Dale A., Struct. Engr., North 
American Aviation, Inc. (Los Angeles). 

Readdy, Francis J., B.S. in Ae.E., Lt., 
USN; Naval Aviator, NROTC Unit, Univ. 
of Minnesota. 

Roetman, Orvil M., B.S. 
USN. 

Rudmann, Arthur, Stress Analyst, Re- 
public Aviation Corp. 

Ruffner, Donald F., B.S. in Ae.E., Shift 
Engr., Thompson Inc. 

Sabatella, Joseph A., Jr., B.A.E., 2nd 
ut., USAF; Proj. Engr., WADC, Wright- 
Patterson AFB. 

Sampson, Gordon B., B.A.Sc., 
Trainee, A. V. Roe Canada Ltd. 

Schoenberger, Sigmund B., B.S. in 
Ae.E., Lt. & Naval Aviator, USN. 

Snow, H. Leland, B.S., Pres., 
Aeronautical Co. 

Sweeney, William E., Assoc. Engr., The 
Glenn L. Martin Co. 

Thomson, Neil W., M.S.E., Lt., USN. 

White, Edmund F., B.S. in Ae.E., Aero- 
dynamics Engr., Convair, San Diego, A 
Div. of General Dynamics Corp. 
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Notice! 


QW measure 


SURFACE 


temperatures 
NOT AMBIENT AIR 
with high-output, 
low-cost, 


RdF STIKON® 


Resistance 
Thermometer 


Elements 


ACTUAL SIZE 


Critical surface temperatures 
occurring in current high- 
performance aircraft are eas- 
ily measured by RdF Stikons. 
The thinness of the RdF Sti- 
kon (.005 to .010 in.) allows 
its temperature-sensitive grid 
to become virtually an integral 
part of the measured surface 
thereby eliminating, for prac- 
tical purposes, the influence of 
ambient air temperature. 

With an RdF Stikon you can 
easily obtain an output voltage 
several hundred times higher 
than the output of the most 
sensitive thermocouples. 


Write today for Temperature 
Measurement and Control 
Brochure T-54 


733 CONCORD AVENUE 
CAMBRIDGE 38, MASS 
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North American Aviation, Inc., is doing research and development on a manned 
aircraft, the X-15, for investigation of high-altitude, speeds and temperatures. 


NEW DEVELOPMENTS IN 


CREATE MANY 


SUPERSONIC AIRCRAFT 


ENGINEERING OPPORTUNITIES 


Vibration analysis and testing. 
Utilize modern laboratory and flight 
test facilities. B.S. degree and some 
vibration experience required. 


Mathematicians 
Computer Programmers 
Aerodynamicists 
Metallurgists 

Systems Engineers 
Armament Engineers 


In Flutter, Vibration, Electronics and 


a Wide Range of Other Specialized Fields 


New developments in supersonic 
aircraft present many vital prob- 
lems. Problems in high speed re- 
search, design and test in vibration, 
flutter, electronics, aerodynamics 
and many other fields are just a few 
you can help us solve. 

We are now conducting flutter 
and vibration analyses on current 
and advanced designs of super- 
sonic and hypersonic airplanes. In 
the electronics field we are formu- 


lating and trying to solve aero- 
elastic problems. 

Opportunities in our other engi- 
neering departments offer you a 
wide scope for your talents at North 
American. Enjoy the individualism 
and team spirit we offer. Work with 
engineers who respect your opin- 
ions and professional status. Check 
over our list of openings below and 
get in touch with us. It will be well 
worth your inquiry. 


Immediate openings for: 


Flutter Aeroelastic and flutter analysis now being 
conducted on current and advanced designs of super- 
sonic airplanes. Experience and capability in inde- 
pendent flutter analysis projects required. Advanced 


Electronics Analog and Digital 
computer experience required. For- 
mulate and solve aeroelastic prob- 
lems. B.S. degree desired. 


degree desired, but not necessary for man with 


adequate background 


Servomechanism Engineers 
Instrumentation Engineers 
Weight Control Engineers 
Aero Thermodynamicists 
Research Physicists 
Aeroelasticity Engineers 


Flight Test Engineers (work at Los Angeles or Palmdale, Calif.) 


Electrical Designers 
Power Plant Engineers 
Structures Engineers 
Mechanical Engineers 
Controls Engineers 
Wind Tunnel Engineers 


Rubber Compounding 
Engineers 

Structural Loads Engineers 

Structural Analysts 

Structural Tests Engineers 

Structural Designers 


Contact Les Stevenson, Engineering Personnel Office, Dept. 56 AER 


North 


NORTH AMERICAN AVIATION, INC. AWA 


American Aviation, Inc. 


Los Angeles 45, California 


NORTH AMERICAN HAS BUILT MORE AIRPLANES THAN ANY OTHER COMPANY IN THE WORLD 
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Aeronautical Reviews 


Tus SECTION reviews important period- 
icals, technical and research reports, and 
books received in the IAS Library in order 
to provide basic documentation for engi- 
neers and scientists. 

INTERNATIONAL AERONAUTICAL AB- 
stracts, published as an insert in each 
issue, is an accelerated reviewing service 
covering world-wide scientific and techni- 
cal literature. This work is performed by 
the IAS Staff and is supported by the Air 
Force Office of Scientific Research of the 
Air Research and Development Command. 

A key to the abbreviations used for titles 
of periodicals and report series is published 
semiannually, in the January and July 
issues. 

The AERONAUTICAL ENGINEERING IN- 
pEX, published since 1947, provides an 
annual cumulation of the materials re- 
viewed in this section. 


THE IAS LIBRARY 


Publications reviewed in this sec- 
tion are maintained by the Library 
for use by the IAS Membership. 
They are not for sale but are made 
available through the facilities of 
the Library. 

LENDING SERVICES: Institute 
members, both Individual and 
Corporate, may borrow periodicals, 
reports, and books for a period of 
2 weeks, excluding time in transit. 
Excepted are certain reference books 
and those IAS publications that 
may be purchased. 

Puotocopy Services: The Li- 
brary is equipped to provide, as 
a service, positive photocopies of 
certain materials in its collections. 
Rates on request. 

For detailed information about 
these and other services, write to: 


John J. Glennon, Librarian 
Institute of the 
Aeronautical Sciences, Inc. 
2 East 64 Street 
New York 21, New York 


A Guide to the Current Literature of 


Aeronautical Research and Engineering 


ALS G REPORTS... 156 
INTERNATIONAL AERONAUTICAL ABSTRACTS. 169 


Subject Index to Periodicals & Reports 


Acoustics, Sound & Noise......... 156 
Aerodynamics 
Boundary Layer & Thermoaerody- 


Control 156 
Fluid Mechanics & Aerodynamic 

Internal Flow. 158 
Stability & Control.............. 158 
Wings & Airfoils............... 160 

160 
Air Transportation. ............... 162 
Airplane 162 
Control 162 
Development Testing............ 162 
Airports 
162 
Aviation Medicine.............. . 162 
Education & Training.............. 162 
Electronics 
162 
Circuits & Components.’.......... 162 
163 
163 
Electronic Controls............. 163 
Magnetic Devices............... 163 
Measurements & Testing.......... 163 
Navigation Aids................ 164 
Oscillators & Signal Generators... 164 
164 
Transmission Lines............... 164 
Wave Propagation.............. 164 
Hydraulic & Pneumatic........... 164 
Ice Formation & Prevention......... 164 
Instruments 
Flow Measuring Devices......... 164 
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Pressure Measuring Devices... : 
Temperature Measuring Devices... 
Machine Elements 
Rotating Discs & Shafts........... 
Materials 
Corrosion & Protective Coatings... . 
Metals & Alloys, Nonferrous..... 
Nonmetallic Materials........... 
Power Plants 
Ram-Jet & Pulse-Jet. .. 
Metal 
Nonmetal Working.............. 
Production Engineering. . 


Rotating Wing Ajrcraft............. 
Beams & Columns............... 
Colincders & 
Elasticity & Plasticity............. 
Thermodynamics. ................- 
Vertical Take-Off Aircraft....... 
Water-Borne Aircraft.............. 
Wind Tunnels & Research Facilities. . . 
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Acoustics, Sound & Noise 


Aircraft Noise as It Relates to the Air- 
port Neighbor. Charles E. Rosendahl. 
IAS Luncheon Meeting, New York, Jan. 26, 
1956, Address. 18 pp. NATCC noise- 
control program covering problems of 
take-off, landing, and flight conditions 
related to basic aircraft and engine design 
aspects. 

Effect of Climb Technique on Jet- 
Transport Noise. Warren J. North. 
U.S., NACA TN 3582, Jan., 1956. 19 
PP. 

Instrumentation for Measurement of 
Free-Space Sound Pressures in the Im- 
mediate Vicinity of a Propeller in Flight. 
William D. Mace, Francis J. Haney, and 
Edmund A. Brummer. U.S., NACA TN 
3534, Jan., 1956. 16 pp. 

Investigation of Far Noise Field of Jets. 
I—Effect of Nozzle Shape. II—Com- 
parison of Air Jets and Jet Engines. 
Edmund E. Callaghan and Willard D. 
Coles. U.S., NACA TN 3590, TN 3591, 
Jan., 1956. 44,19 pp. 17 refs. 


Aerodynamics 
Boundary Layer & Thermoaerodynamics 


Aspects Thermodynamiques de la 
Lutte Pour la Progression de la Vitesse 
(Aerodynamic Heating Versus Speed; 
Thermodynamic Aspects of the Struggle). 
Maurice Roy. France, ONERA Pub. 77, 
1955. 51 pp. 18 refs. In English and 
French. Investigation of the thermo- 
aerodynamic problem as it affects high- 
speed flight at altitudes up to 15.5 miles. 

The Effect of Variable Fluid Properties 
on the Equilibrium Laminar Boundary 
Layer Surface Heat Transfer Rate at 
Hypersonic Flight Speeds. Ronald F. 
Probstein. Brown U. Div. Eng., WADC 
TN 56-2, Dec., 1955. 19 pp. 12 refs. 

Experimental Investigation of Laminar 
Heat Transfer from a Uniformly Heated 
Flat Plate at Mach 2.5. Donald A. Graf 
and R. E. Street. Trend in Eng., Jan., 
1956, pp. 27-32. Abridged. Extension 
of the Chapman-Rubesin theoretical stud- 
ies to a lower range of Reynolds Numbers 
between 19,000 and 195,000. 

Heat Transfer from a Flat Plate 
Through a Turbulent Boundary Layer. 
D. R. Davies. Quart. J. Mech. & Appl. 
Math., Sept., 1955, pp. 326-337. Calcu- 
lation of the similarity solution based 
on the Townsend experimental results, 
with a derivation of an _ expression 
for the mean rate of heat transfer from a 
section of the plate. 

Laminar Separation Over a Transpira- 
tion-Cooled Surface in Compressible 


Flow. Morris Morduchow. U.S., NACA 
TN 3559, Dec., 1955. 32 pp. 12 refs. 
Measurements of Turbulent Heat 


Transfer on Bodies of Revolution at 
Supersonic Speeds. W. S. Bradfield and 
D. G. DeCoursin. J. Aero. Szi., Mar., 
1956, pp. 272-274. Results of WADC- 
sponsored experiments at the U. of Minn. 
Rosemount Aero. Lab. 

A Numerical Method for Laminar Heat 
Transfer on Cylinders in Plane Compres- 
sible Flow. Kwang-Tzu Yang and Harold 
H. Sogin. J. Aero. Sci., Mar., 1956, pp. 
277-279. Extension of the Goertler 


method of finite differences for incompres- 
sible layers without heat transfer to the 
two-dimensional case of flow over a body 
of arbitrary cross section having a uni- 
form surface temperature in the develop- 
ment of the numerical approach free 
from any assumption concerning the 
property values 

On the Energy Balance in a Compres- 
sible Boundary Layer. K. T. Yen. J. 
Aero. Sci., Mar., 1956, pp. 274-276. 
Simplification of the energy equation 
through the comparison of the order of 
magnitude of various terms as applied in 
the expression for the balance relation 
between the mean flow and the turbulent 
fluctuation in the particular case of the 
Prandtl Number of unity. 

Experimental Investigation of Leading 
Edge Shock Wave-Boundary Layer Inter- 
action at Hypersonic Speeds. James M. 
Kendall, Jr. JAS 24th Annual Meeting, 
New York, Jan. 23-26, 1956, Preprint 611. 
19 pp. 14 refs. Members, $0.50; non- 
members, $0.85 

Pressure Rise Associated with Shock- 
Induced Boundary-Layer Separation. Eu- 
gene S. Love. U.S., NACA TN 3601, 
Dec., 1955. 32 pp. 28 refs. 

A Simple Theory for Interactions Be- 
tween Shock Waves and Entirely Laminar 
Boundary Layers. G. E. Gadd. J. 
Aero. Sci., Mar., 1956, pp. 225-230. 

A Study of the Transition to Turbulence 
of the Laminar Boundary Layer at Super- 
sonic Speeds. Ronald F. Probstein and 


C. C. Lin. JAS 24th Annual Meeting, 
New York, Jan. 23-26, 1956, Preprint 596. 
35 pp. 45 refs. Members, $0.75; non- 


members, $1.20 

Summary of Laminar-Boundary-Layer 
Solutions for Wedge-Type Flow Over 
Convection- and Transpiration-Cooled 
Surfaces. John N. B. Livingood and 
Patrick L. Donoughe. U.S., NACA TN 
3588, Dec., 1955. 33 pp. 25 refs. 

The Transverse Curvature Effect in 
Compressible Axially Symmetric Laminar 
Boundary-Layer Flow. Appendix A— 
Numerical Integration of First-Order 
Momentum Equation for Cone and Cylin- 
der with Zero Pressure Gradient. Ap- 
pendix B—Skin-Friction Coefficient and 
the Displacement Thickness. Ronald F. 
Probstein and David Elliott. J. Aero. 
Sct., Mar., 1956, pp. 208-224, 236. 
33 refs. OSR-ONR-sponsored investi- 
gation at the Princeton U. Gas Dynamics 
Lab. characterizing the viscous trans- 
verse curvature effect by the ratio of the 
boundary-layer thickness to body radius, 
taking into account the Busemann and 
Crocco integrals of the two-dimensional 
energy equation in terms of validity for 
axially symmetric flow. 

Turbulent-Heat-Transfer Measure- 
ments at a Mach Number of 0.87. Mau- 
rice J. Brevoort and Bernard Rashis. 
U.S., NACA TN 2599, Dec., 1955. 13 
pp. 

Delay of the Stall by Suction Through 
Distributed Perforations. A. Raspet, 
J. J. Cornish, and Glenn D. Bryant. 


IAS 24th Annual Meeting, New York, 
Jan. 23-26, 1956, Preprint 587. 19 pp. 
14 refs. Members, $0.50; nonmembers, 
$0.85. 


The Limiting Wall Temperature Ratios 
Required for Complete Stabilization of 
Laminar Boundary Layers with Blowing. 


1956 


Shan-fu Shen and Jerome Persh. J. 
Aero. Sci., Mar., 1956, pp. 286, 287. 
Includes a comparison of the results of 
NOL and NACA investigations into the 
effects of mass transfer on laminar bound- 
ary-layer characteristics. 


Control Surfaces 


The Jet Flap. I—The Basic Principles, 
II—Some Aeronautical Considerations, 
I.M. Davidson. J. RAeS, Jan., 1956, pp. 
25-41; Discussion, pp. 41-50. 12 refs. 
Review of NGTE powered-lift investiga- 
tions on the large Fowler-flap-like be- 
havior of jet-flapped airfoils based on an 
aerodynamic resynthesis of the lifting and 
propulsive means. 


Fluid Mechanics & Aerodynamic Theory 


The Application of the Electric-Tank 
Analogy to Two- and Three-Dimensional 
Problems in Linearized Aerodynamic 
Theory. W. B. Brower, Jr. Rensselaer 
Polytech. Inst. Dept. Aero. Eng. TR 
A E5506 (OSR-T N-55-471), Dec. 15, 1955, 


103 pp. 28 refs. 
A Discussion on Magneto-Hydrody- 
namics. Edward Bullard, Moderator, 


and others. Proc. Royal Soc. (London), 
Ser. A, Dec. 29, 1955, pp. 289-427. 66 
refs. Partial contents: An Instability of 
Laminar Flow of Mercury Caused by an 
External Magnetic Field, B. Lehnert. 
Magneto-Hydrodynamic Oscillations of a 
Rotating Fluid Globe, T. G. Cowling, 


Hydromagnetic Turbulence. I—A De. 
ductive Theory; II—An_ Elementary 
Theory, S. Chandrasekhar. Magneto- 


Hydrodynamic Waves in Incompressible 
and Compressible Fluids, A. Bajfios, Jr. 
The Structure of Magneto-Hydrodynamic 
Shock Waves, W. Marshall. Waves ina 
Heavy, Viscous, Incompressible, Elec- 
trically Conducting Fluid of Variable 
Density, in the Presence of a Magnetic 
Field, R. Hide. Some Engineering Ap- 
plications of Magneto-Hydrodynamics, 
J. H. Schercliff. 

The Hydraulic Analogy as a Distorted 
Dissimilar Model. R.A. A. Bryant. J. 
Aero. Sci., Mar., 1956, pp. 282, 283. Ap- 
plication to the investigation of the prob- 
lem of transonic flow over two-dimensional 
wedges in which the physical water flow is 
considered equivalent to an analog gas an- 
alyzed in terms of similarity laws. 

The Large-Scale Structure of Homo- 
geneous Turbulence. Appendix A— 
Evaluation of Some Isotropic Surface In- 
tegrals. Appendix B—The Form of In- 
tegral Moments of Solenoidal Tensors. 
G. K. Batchelor and I. Proudman. 
Philos. Trans. Royal Soc. (London), Ser. 
A, Jan. 5, 1956, pp. 369-405. 

Second-Order Methods in Inviscid 
Supersonic Theory. J. Fell and D.C. M. 
Leslie. Quart. J. Mech. & Appl. Math., 
Sept., 1955, pp. 257-265. 

Su un Metodo Grafico per Risolvere le 
Equazoni del Moto Nella Teoria Impul- 
siva Semplice di un’Elica in un Fluido 
Perfetto Compressibile, Aeriforme (On 
a Graphical Method for the Solution of the 
Equations of Motion in the Simple Axial- 
Momentum Theory for a Perfect Gas). 
Umberto Nobile. L’ Aerotecnica (Rome), 
Aug., 1955, pp. 163-170. In Italian. 

Subsonic Influence of Compressibility 
on the Pressure Distribution of a Profile. 
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There’s ‘'growing room’ for aeronautical 


This Boeing trans-sonic wind tunnel— 
most versatile privately owned one in the 
world—is soon to be supplemented by a 
supersonic tunnel with velocities up to 
Mach 4. It is one of many advanced 
facilities, built with an eye to the future, 
that help Boeing aeronautical engineers 
stay at the top of their field. 

At Boeing there is uncompromising 
emphasis on design quality. There is 
plenty of “growing room” in truly crea- 
tive jobs in aerodynamics, structures and 
dynamics. Boeing engineers now are 
working at the frontiers of knowledge. 
If this challenge interests you, there’s a 
place for you on a Boeing “team” in de- 
sign, wind tunnel research, structural or 
flight testing, or other phases of devel- 
opment in Boeing’s exciting future. 


As a result of long-range planning and 
solid growth, Boeing now employs nearly 
twice as many graduate engineers as at 
the peak of World War II. These mem- 
bers of aviation’s most respected design 
and research group developed the B-47 
and B-52 jet bombers, the IM-99 guided 
missile, and America’s first jet tanker- 
transport. New and widely diversified 
projects are under way: supersonic flight, 
research in rocket, ram jet and nuclear 
propulsion, guided missile control, and 
much more. 

Boeing engineers work with the most 
modern equipment, including electronic 
computers, chambers that simulate alti- 
tudes up to 100,000 feet, superb labora- 
tories, and the multi-million-dollar new 


Flight Test Center. 
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engineers at Boeing 


With these advantages of facilities and 
opportunity for advancement, you can be 
sure of individual recognition at Boeing. 
Your achievements as a member of a 
tightly knit design or project “team” are 
recognized by regular merit reviews, and 
by Boeing’s policy of promoting from 
within the organization. 


* JOHN C. SANDERS, Staff Engineer — Personnel 
e Boeing Airplane Co., Dept.50-A, Seattle 14, Wash. 


* Please send further information for my analysis. 
* | am interested in the advantages of a career 
* with Boeing. 

Name 
e University or 

college(s) Degree(s) Year(s)__ 

Address 

City Zonie__~ State 


Aviaviog Yeadership since 1916 


SEATTLE, WASHINGTON WICHITA, KANSAS 
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F. S. Weinig. 
pp. 279-281. 

Base Pressure Studies in Rarefied 
Supersonic Flows. L. L. Kavanau. J. 
Aero Sci., Mar., 1956, pp. 193-207, 230. 
35 refs. OAR-ONR-supported investiga- 
tion at U. of Calif. to obtain base pressure 
data in terms of the influence of high alti- 
tudes for a blunt-based body of revolution 
of a simple cone-cylinder configuration, 
with measurements including the slip flow 
regime. 

An Experimental Investigation of the Ef- 
fect of Surface Roughness on the Drag of a 
Cone-Cylinder Model at a Mach Number 
of 2.48. Appendix—Laminar Sublayer 
Calculations. John H. T. Wade. UTIA 
Rep. 34, Sept., 1955. 72 pp. 25 refs. 

Flight Investigation at Mach Numbers 
from 0.8 to 1.5 to Determine the Effects 
of Nose Bluntness on the Total Drag of 
Two Fin-Stabilized Bodies of Revolution. 


J. Aero. Sci., Mar., 1956, 


Roger G. Hart. (U.S.. NACA RM 
L50108a, 1950.) U.S., NACA TN 3549, 
Dec., 1955. 11 pp. 


Minimum-Drag Ducted and Pointed 
Bodies of Revolution Based on Linearized 
Supersonic Theory. Hermon M. Parker. 
(U.S., NACA TN 3189, 1954.) U.S., 
NACA Rep. 1213, 1955. 9 pp. 14 refs. 
Supt. of Doc., Wash. $0.20. 

Note on the Numerical Evaluation of the 
Wave Drag of Smooth Slender Bodies 
Using Optimum Area Distributions for 
Minimum Wave Drag. E. Eminton and 
W. T. Lord. J. RAeS, Jan., 1956, pp. 
61-63. 

A Preliminary Study of the Details of the 
Flow Field About a Flat Plate at Hyper- 
sonic Speeds. A. G. Hammitt. Prince- 
ton U. Dept. Aero. Eng. Rep. 327, Nov. 1, 
1955. 3lpp. 19refs. 

A Second-Order Shock-Expansion 
Method Applicable to Bodies of Revolu- 
tion Near Zero Lift. Appendix A— 
Power Series Representation of Flow 
About Body of Revolution. Appendix B— 
Evaluation of Pressure Gradient Down- 
stream of Corner of Body of Revolution. 
Appendix C—Extensions of the Approxi- 
mate Method. Clarence A. Syvertson 
and David H. Dennis. U.S., NACA TN 
3527, Jan., 1956. 57 pp. 25 refs. 

Stagnation Point of a Blunt Body in 
Hypersonic Flow. Ting-Yi Li and R. E. 


Geiger. JAS 24th Annual Meeting, New 
York, Jan. 23-26, 1956, Preprint 629. 
15 pp. Members, $0.50; nonmembers, 
$0.85. 


Internal Flow 


Experimental Investigation of Blade 
Flutter in an Annular Cascade. Ap- 
pendix—Determination of Aerodynamic 
Damping Factor. J. R. Rowe and A. 
Mendelson. U.S., NACA TN 3581, Nov. 
1955. 24 pp. 11 refs. 

An Experimental Study of Centrifugal 
Pump Impellers. Appendix I—Blade De- 
sign. Appendix II—Measurement of 
Loss and Relative Velocity. A. J. Acosta 
and R. D. Bowerman. CIT Hydrody- 
namics Lab. Rep. E-19.8, Aug., 1955. 
44 pp. 18 refs. 

The Influence of Blade Length on the 
End Losses in Blade Cascades (Uber den 
Einfluss der Schaufelhtéhe auf die Rand- 
verluste in Schaufelgittern). N. Scholz. 
Forschung Gebiete Ing., Berlin, 1954, pp. 


155-157.) Gt. Brit. MOS TIB/T4573, 
Nov., 1955. 5 pp. Translation. 
Obliczanie Strat Przeptywu Przez 


Palisade Lopatek Turbinowych (Calcula- 
tions of the Pressure-Loss of Flow 
Through Turbine Blade Cascades). Rob- 
ert Szewalski Arch. Budowy Maszyn 
(Warsaw), No. 3, 1955, pp. 265-273. In 
Polish, with summaries in English and 
Russian. 

Problems and Results in the Investiga- 
tion of Cascades (Ergebnisse und Prob- 
leme von Gitteruntersuchungen). H. 
Schlichting. (ZFW, Oct., 1953, pp. 109- 
122.) Gt. Brit., MOS TIB/T4538, Nov., 
1955. 23pp. 26refs. 

Rotational Flow Through Cascades. 
I—The Components of Vorticity. W. R. 
Hawthorne. IIl—The Circulation About 
the Cascade. W. R. Hawthorne and W. 
M. Armstrong. Quart. J. Mech. & Appl. 
Math., Sept., 1955, pp. 266-292. 11 refs. 
Theoretical and experimental investiga- 
tion of the flow of a fluid with a nonuni- 
form velocity passing through a cascade of 
turbine or compressor blades to determine 
the nature of the components of vorticity 
in the direction of flow. 

Analysis of Turbulent Heat Transfer, 
Mass Transfer, and Friction in Smooth 
Tubes at High Prandtl and Schmidt 
Numbers. Robert G. Deissler. (U.S., 
NACA TN 3145, 1954.) U.S., NACA 
Rep. 1210, 1955. 14 pp. 228refs. Supt. 
of Doc., Wash. $0.20. 

Experimental and Analytical Investiga- 
tion of Secondary Flows in Ducts. Ap- 
pendix A. Appendix B—Resolution of 
Boundary-Layer Velocities into Com- 
ponents Normal and Tangential to Main- 
Flow Streamlines. Howard Z. Herzig 
and Arthur G. Hansen. JAS 24th An- 
nual Meeting, New York, Jan. 23-26, 
1956, Preprint 593. 62 pp. 12 refs. 
Members, $0.35; nonmembers, $0.75. 

Free-Convection Effects on Heat Trans- 
fer for Turbulent Flow Through a Vertical 
Tube. E. R. G. Eckert, Anthony J. 
Diaguila, and John N. B. Livingood. 
U.S., NACA TN 3584, Dec., 1955. 24 
pp. 

Mouvement Oscillatoire avec Viscosité 
et Inertie. Appendix I—Application de 
la Méthode des Surfaces de Séparation 
a l’Etude de l’Ecoulement d’un Fluide 
Incompressible et Visqueux 4 Travers un 
Tube Circulaire Sous une Charge Con- 
stante. Claire Clarion. France, Min. de 
l’ Air PST 303, 1955. 76 pp. 23 refs. 
In French. Theoretical and experimental 
study, based on the Navier equations of 
revolutionary flows, of the free oscillatory 
motion of a column of liquid in a U-shaped 
duct. 

Cloud-Droplet Ingestion in Engine In- 
lets with Inlet Velocity Ratios of 1.0 and 
0.7. Appendix A. Appendix B—Deriva- 
tion of Perturbation Field for 0.7-Velocity- 
Ratio Inlet. Rinaldo J. Brun. U.S., 
NACA TN 3593, Jan., 1956. 52 pp. 

Design Criteria for Axisymmetric and 
Two-Dimensional Supersonic Inlets and 
Exits. Appendix A—Estimated Perform- 
ance of Single-Oblique-Shock Inlets. 
Appendix B—Estimated Performance of 
Double-Oblique-Shock Inlets. James F. 
Connors and Rudolph C. Meyer. U.S., 
NACA TN 3589, Jan., 1956. 42 pp. 

How to Match Ramjet Inlets and Per- 
formance. A. N. Thomas. Av. Age, 


1956 


Feb., 1956, pp. 24 (2 ff.). Inlet design 
problems analyzed in terms of the basic 
internal-flow factors of flight envelope 
Mach Number and means of acceleration 
using a steady-state expression to equate 
the entrance flow and the exit flow 

Analysis of Isothermal Variable Are, 
Flow. I. Carl Romer, Jr., and Aj 
Bulent Cambel. <Arrcraft Eng., Dee, 
1955, pp. 396-399. Use of the gas dy. 
namic approach applying the continuity, 
momentum, and energy equations to the 
flow of a perfect gas to obtain a derivation 
of isothermal, reversible, and one-d. 
mensional flow functions for the case of 
convergent-divergent nozzles. 

An Experimental Investigation of Flow 
Separation in a Nozzle at High Mach 
Numbers and Low Density. Norman B 
Tucker. UTIA Rep. 33, Aug., 1955. 7] 
pp. 37 refs. 

Some Aerodynamic Considerations of 
Nozzle-Afterbody Combinations. Edgar 
M. Cortright, Jr. JAS 24th Annual 
Meeting, New York, Jan. 23-26, 1956. 
Preprint 614. 11 pp. Members, $0.35: 
nonmembers, $0.75. 


Performance 


The Problem of Reducing the Speed of a 
Jet Transport in Flight. Don D. Davis, 
Jr. U.S., NACA TN 3613, Dec., 1955. 
22 pp. Performance appraisal in the use 
of aerodynamic brakes, thrust reversal, ora 
climbing maneuver to reduce the distance 
required to reach the rough-air speed, and 
of the relative merits of such devices. 


Stability & Control 


Application of Several Methods for De- 
termining Transfer Functions and Fre- 
quency Response of Aircraft from Flight 
Data. Appendix A—Estimation of the 
Errors Encountered Using a Control Input 
That Changes in Frequency at a Constant 
Rate. Appendix B—Methods of Fourier 
Analysis Wherein the Transients Are 
Represented by a Series of Polynomials. 
Appendix C—Application of the Laplace 
Transform to a Response Equation. Ap- 
pendix D—An Integrating Matrix. John 
M. Eggleston and Charles W. Mathews. 
(U.S., NACA TN 2997, 1953.) U.S, 
NACA Rep. 1204, 1954. 24 pp. 18 
refs. Supt.of Doc., Wash. $0.25 

Directional Stability of Towed Airplanes 
(Die Seitenstabilitaét eines geschleppten 
Flugzeuges). W. Soéhne. (Jng.-Arch., 
No. 4, 1953, pp. 245-265.) U.S., NACA 
TM 1401, Jan., 1956. 12 refs. 
Translation. Theoretical investigation of 
the lateral dynamic stability problem when 
using a single towline with a derivation of 
the equations of motion in terms of cable 
moment coefficients, the influence of cable 
length, flight attitude, and configuration 
parameters on the stability in towed flight. 

Experimental Investigation at Low 
Speed of Effects of Fuselage Cross Set- 
tion on Static Longitudinal and Lateral 
Stability Characteristics of Models Having 
0° and 45° Sweptback Surfaces. William 


53 pp. 


Letko and James L. Williams. U.S, 
NACA TN 3551, Dec., 1955. 
refs. 

An Extension of ‘‘Effect of a Turbojet 
Engine on the Dynamic Stability of an Ail- 
W. P. Rodden, T. E. 


45 pp. 1 
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AERONAUTICAL 


OMAR 


Engineers in 

Experienced 
engineers... 


... there's no limit to the oppor- 
tunities open to you as members of 
the OMAR team in the fields of: 

Rocket and Ramjet Engines 

Propellants and Fuels 

Testing and Evaluation 
Positions are open for the 
following: 

mechanical engineers 

combustion engineers 

aeronautical engineers 

stress analysts 

turbine engineers 

thermodynamicists 

servo engineers 

electrical engineers 

nuclear engineers 

ordnance engineers 

instrumentation engineers 

test engineers 

development engineers 

process design engineers 

production engineers 

physicists 

mathematicians 

organo-metallic specialists 

inorganic chemists 

organic chemists 

polymer chemists 

electrochemists 

physical chemists 

analytical chemists 
On the OMAR team, you’re affiliated 
with pioneers in the field of supersonic 
propulsion: Reaction Motors, Inc., 
first in the American rocket industry; 
Marquardt Aircraft Company, the 
West's largest jet research and devel- 
opment center and first in ramjets; 
Olin Mathieson Chemical Corpora- 
tion, a leading producer of chemicals, 
metals, explosives, and high-energy fuels. 

You're on a team that unites for the 
first time both chemical and mechani- 
cal experience in research, develop- 
ment, and production of supersonic 
rockets, ramjets, and liquid and solid 
propellants. 

For further information write 
OMAR Employment Officer at the 
company nearest you. 

Olin Mathieson Chemical Corporation 
468 Park Avenue, New York 22, N, Y. 
Reaction Motors, Inc. 
Denville 5, New Jersey 
Marquardt Aircraft Company 
16558 Saticoy Street 
Van Nuys, California 
3907 
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Aeronautical 
Engineers... 


to $10,000 
in this 
stimulating 
Airborne 
Weapons 
Systems 
Project 


You will be challenged 
by the severe 
environmental 
conditions encountered 
in supersonic flight. 
New concepts in 
mechanical designs are 
required to deal with 
previously unexplored 
states of temperature, 
altitude, shock, 
vibration and humidity. 
Degree, plus experience 
in design of aircraft 
structure and 
mechanisms or design 
of aircraft control 
ifstruments. 


As a mechanical or 
aeronautical design 
engineer, grow now 
thru this truly 
advanced effort, on a 
team of creative 
engineers with the 
world leader in 
electronics! 


To arrange confidential 
interview, send resume 
to Box 736, 


Aeronautical Engineering 


Review 


Aeronautical 
Engineers 


APPLICATION ANALYSTS 


5 or more years’ experience 
in aerodynamics, aircraft per- 
formance and design planning. 


AERODYNAMICISTS 


3-5 years’ experience in ap- 
plied aircraft dynamics. (Ad- 
vanced degree preferred.) 


PERFORMANCE ANALYSTS 


1 to 3 years’ experience in 
aircraft performance. 


The Curtiss-Wright Corpora- 
tion’s rapid growth and di- 
versification have created 
permanent requirements for 
men with specialized ability. 
The openings listed above 
offer exceptional opportuni- 
ties involving study of trends 
in aircraft design, and plan- 
ning of new engine programs. 
Advancement and wider rec- 
ognition come quickly as you 
develop at Curtiss-Wright. 
Salaries are open, depending 
on experience and ability. 
Send typewritten resume, giv- 
ing complete details of edu- 
cation, past experience and 
current earnings to: 


R. G. CONRAD 
MGR., ENGINEERING RECRUITMENT, 
DEPT. B-83 
CURTISS-WRIGHT CORPORATION, 
WOOD-RIDGE, N.J. 


ALL REPLIES WILL BE CONSIDERED 
STRICTLY CONFIDENTIAL 


CURTISS-WRIGHT 


CORPORATION WOOD-RIDGE, N. 
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and J. H. Wykes. J. Aero. Sci., Mar., 
1956, pp. 284-286. Analysis under the 
assumptions that the inlet forces act at the 
duct centerline at the station of the inlet 
reference area, that the air mass flow rate is 
independent of airplane attitude, and 
that the airplane velocity is high enough so 
that the upwash and sidewash are inde- 
pendent of the inlet velocity ratio. 

Laboratory Investigation of an Autopilot 
Utilizing a Mechanical Linkage with a 
Dead Spot to Obtain an Effective Rate 
Signal. Ernest C. Seaberg. (U.S., NA- 
CA RM L9FISa, 1949.) U.S., NACA 
TN 3602, Dec., 1955. 27 pp. 

The Longitudinal Motion of a Special 
Airplane by the Discontinuous Automatic 
Velocity Control. Akira Azuma. J. Ja- 
pan Soc. Aero. Eng., Oct., 1955, pp. 247- 
255. In Japanese. Application of the 
results of the Fliigge-Lotz investigation of 
problems of missile position control. 

Wind-Tunnel Investigation at Low 
Speed of the Effects of Chordwise Wing 
Fences and Horizontal-Tail Position on the 
Static Longitudinal Stability Character- 
istics of an Airplane Model with a 35° 
Sweptback Wing. M. J. Queijo, Byron 
M. Jaquet, and Walter D. Wolhart. 
(U.S., NACA RM L50K07, RM L51H17, 
1950, 1951.) U.S., NACA Rep. 1203, 
1954. 29 pp. Supt. of Doc., Wash. 
$0.30. 


Wings & Airfoils 


Flow Studies of the Leading Edge Stall 
on a Swept-Back Wing at High Incidence. 
Joseph Black. J. RAeS, Jan., 1956, pp. 
51-60. 10 refs. Experimental investiga- 
tion of the flow in the separation region 
over the outer span of the wing taking 
the form of a ‘‘ram’s horn” vortex and 
originating from the junction on the lead- 
ing edge of the inboard “‘short’’ and the 
outboard “‘long’’ separation bubbles. 

Flow Studies on Drooped-Leading- 

Edge Delta Wings at Supersonic Speed. 
William H. Michael, Jr. U.S., NACA 
TN 3614, Jan., 1956. 29 pp. 
_ Propriétés Calculées d’Ailes en Delta 
Echancré ou Non; Calcul par Analogies 
Electriques. L. Malavard, R. Duquenne, 
M. Enselme, and C. Grandjean. France, 
ONERA NT 25, 1955. 61 pp. 17 refs. 
In French. Rheoelectric analogical 
method used to study the influence of the 
three basic parameters of sweep, curvature, 
and taper on the effect of incidence of 30 
delta-type or delta-derived wings. 

Prediction of Downwash at Various 
Angles of Attack for Arbitrary Tail Loca- 
tions. James L. Decker. JAS 24th An- 
nual Meeting, New York, Jan. 23-26, 
1956, Preprint 615. 15 pp. 10 refs. 
Members, $0.50; nonmembers, $0.85. 
Development of a semi-empirical graphi- 
cal procedure based on simple theoretical 
relationships to determine the downwash 
at the horizontal tail during preliminary 
design studies. 

Recent Developments in the Theory of 
Wing-Body Wave Drag. Harvard Lo- 
max and Max A. Heaslet. JAS 24th 
Annual Meeting, New York, Jan. 23-26, 
Preprint 617. 23 pp. 25 refs. Mem- 
bers, $0.65; nonmembers, $1.00. 

Reduction of Supersonic Wave Drag for 
Wing-Fuselage Combinations at Zero 


Lift. R.M. Licher. Douglas Rep. SM- 
19436, Nov., 1955. 13 pp. 

Reduction of Wing Drag Due to Lift in 
Supersonic Flight by Distributing Lift 
Along a Fuselage. R.M. Licher. Doug- 
las Rep. SM-19257, Sept., 1955. 27 pp. 

Remark on the Theory of Lifting Sur- 
faces. Aldo Muggia. (Acad. Sci. Torino, 
Atti, 1952-1953.) U.S.. NACA TM 
1386, Jan., 1956. 11 pp. Translation. 
Study of the problem of lift on any thin 
wing of arbitrary plan form based on the 
Weissinger method for a_ rectangular 
wing. 

Theoretical Span Load Distributions and 
Rolling Moments for Sideslipping Wings 
of Arbitrary Plan Form in Incompressible 
Flow. M. J. Queijo. U.S, NACA TN 
3605. Dec., 1955. 45 pp. 16 refs. 

The Transonic Characteristics of 36 
Symmetrical Wings of Varying Taper, 
Aspect Ratio, and Thickness as De- 
termined by the Transonic-Bump Tech- 
nique. Warren H. Nelson, Edwin C. 
Allen, and Walter J. Krumm. (U.S., 
NACA RM A53129, 1953.) U.S., NACA 
TN 3529, Dec., 1955. 131 pp. 


Aeroelasticity 


An Application of the Method of Equiva- 
lence to the Deflection of a Triangular 
Plate. Donald Earl Ordway and Carlo 
Riparbelli. J. Aero. Sci., Mar., 1956, 
pp. 252-258. Experimental investiga- 
tion using the Broglio approach to de- 
termine the elastic behavior of a thin 
solid delta wing of an arbitrary sweep angle 
and rectangular chordwise cross section 
under any given normal loading and of a 
45° swept wing under a uniform load, as in 
the case of such problems as flutter or 
divergence velocity. 

Construction and Testing of a Doubly- 
Flexible Flutter Model of a Delta Wing. 
M. M. Chen. MIT ASRL TR 54-2, 
June, 1955. 57 pp. 

The Divergence of Supersonic Wings 
Including Chordwise Bending. M. A. 
Biot. J. Aero. Sci., Mar., 1956, pp. 237- 
251, 271. 15 refs. NAVORD-spon- 
sored investigation at CAL of the static 
aeroelastic stability problem. 

Effect of Rib Flexibility on the Vibration 
Modes of a Delta Wing Aircraft. Wilhel- 
mina D. Kroll. JAS 24th Annual Meet- 
ing, New York, Jan. 23-26, 1956, Preprint 
585. 14 pp. Members, $0.50; non- 
members, $0.85. NavBuAer-sponsored 
analysis at NBS based on the findings of 
the Southwest Res. Inst. investigation. 

The Equivalence of Continuous and 
Discrete Mass Distributions in Certain 
Vibration Problems. R. K. Livesley. 
Quart. J. Mech. & Appl. Math., Sept., 
1955, pp. 353-360. Derivation of an ex- 
pression for the frequency error in the 
case of a uniform simply supported beam 
in transverse vibration, based on the 
Duncan numerical results for the can- 
tilever. 

Flexure Vibration of Uniform Beams 
Simply Supported at Equal Intervals— 
Normal Modes and Frequencies. Che- 
Min Cheng. GALCIT OSR TN 55-235, 
July, 1955. 18 pp. 

The Flutter of a Buckled Plate in a 
Supersonic Flow. Y. C. Fung. GAL- 
CIT OSR TN 55-237, July, 1955. 32 pp. 


The Flutter of Simply Supported Rec. 
tangular Plates in a Supersonic Flovw, 
J. G. Eisley. GALCIT OSR TN 55-236 
July, 1955. 54 pp. 11 refs. 

Forced Vibrations of a Rigid Circular 
Plate on a Semi-Infinite Elastic Space and 
on an Elastic Stratum. G. N. Bycroft. 
Philos. Trans. Royal Soc. (London), Ser 
A, Jan. 5, 1956, pp. 327-368. 11 refs, 

Fundamental Frequencies of Arbi- 
trarily Shaped Simply-Supported Tri- 
angular Plates. Bertram Klein. J, 
RAeS, Jan., 1956, pp. 63, 64. 

On the Determination of the Flutter 
Forces on Wings with Supersonic Leading 
Edges. B.A.Hunn. Quart. J. Mech. & 
Appl. Math., Sept., 1955, pp. 293-310, 
Evaluation based on linearized theory of 
the practical problem to analyze the vibra- 
tional forces on swept wings of finite low 
aspect ratio having straight and super- 
sonic leading and trailing edges and tips 
straight in the line of flight. 

On the Flutter of Swept Wings. Peter 
F, Jordan. JAS 24th Annual Meeting, 
New York, Jan. 23-26, 1956, Preprint 619, 
14 pp. 11 refs. Members, $0.50; non- 
members, $0.85. 

Piston Theory—A New Aerodynamic 
Tool for the Aeroelastician. Holt Ashley 
and Garabed Zartarian. JAS 24th An- 
nual Meeting, New York, Jan. 23-26, 
1956, Preprint 610. 22 pp. 20 refs, 
Members, $0.65; nonmembers, $1.00. 

A Preliminary Investigation of the Ef- 
fects of Frequency and Amplitude on the 
Rolling Derivatives of an Unswept-Wing 
Model Oscillating in Roll. Lewis R. Fisher, 
Jacob H. Lichtenstein, and Katherine D 
Williams. U.S., NACA TN 3554, Jan, 
1956. 29 pp. 

The Principal Frequencies of Vibrating 
Systems with Elliptic Boundaries. S. D 
Daymond. Quart. J. Mech. & Appl. 
Math., Sept., 1955 pp. 361-372. 

Problemi di Vibrazione nelle Strutture 
dei Velivoli ad Alta Velocita (Vibration 
Problems in High Speed Aircraft Struc- 
tures). Luigi Broglio. L’ Aerotecnica 
(Rome), Aug., 1955, pp. 171-185. In 
Italian. Study of the natural vibrational 
modes and frequencies of shell-wings under 
the assumption that the variable section 
of the shell consists of a rectangular box- 
cell with four main stringers at the corners, 
each of the top and bottom horizontal 
sheets being reinforced by m secondary 
stringers, and of a horizontal axis of sym- 
metry with mass of the wing distrib- 
uted along it, taking into account the 
boundary conditions. 

A Resonance Chart for Damped Vibra- 
tion. R.E. D. Bishop. J. RAeS, Dec., 
1955, pp. 850-852. Nomographic adapta- 
tion of the Yates procedure based upon 
the concept of viscous damping to cal- 
culate the response of a damped linear 
system with one degree of freedom to 
harmonic excitation. 

The Solution of Aeroelastic Problems 
on Wings of Arbitrary Plan Form by 
Matrix Methods. J. J. Foody and L. 
Reid. J. RAeS, Dec., 1955, pp. 843-846. 
Analytical formulation in terms of the 
symmetric and anti-symmetric cases. 

Synthesis of Beam-Network Structures 
for Low-Aspect-Ratio Flutter Models. 
Appendix A—Derivation of Stiffness 


Submatrices for a Two-Bay Lattice Net- 
work. Appendix B—Derivation of Flexi- 
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ELECTRONIC 
ENGINEERS 


Design and Development Positions Available on 
several levels of responsibility in the 
following areas of interest: servo systems, test 
equipment, servo-mechanisms, gyro systems, 
computing systems, servo and magnetic amplifiers, 
electronic circuit design, attitude sensing systems 
and transistorization. 


Also Positions Bearing Project Responsibility for design 
and development of static and dynamic packages. 


build a career 
in controls 


at KEARFOTT 


Kearfott has made some outstanding advances to improve the performance and 
reduce the size of airborne control components and systems... and Kearfott is grow- 
ing fast. Here you can advance, while enjoying original and creative assignments. 


Another factor which makes rapid promotions possible is Kearfott’s decentralization 

which allows closer management contact and recognition of achievement. The 7 plants 

in the Passaic-Clifton-Paterson area of northern New Jersey are autonomous, each 
one a fully integrated unit. This means you get small-company congeniality and 
flexibility along with the benefits, resources and modern facilities of a large and 
progressive organization. There’s top remuneration, too, at Kearfott, AND a long 
range future. 


An important member of the widely diversified General Precision Equipment 
Corporation, Kearfott since 1917 has been a leader in the design and develop- 
ment of precision instruments for industry and the armed services. This 
leadership gives you opportunity to be in on the most advanced work, to 
grow in professional stature. 


Plan your career in controls today— 
send complete details to James A. Butler 


1378 Main Ave., 
Clifton, New Jersey 


Subsidiary of 
General Precision 
Equipment Corporation 


MECHANICAL 
ENGINEERS 


We need four engineers, pref- 
erably with design experience; 
one is required for steam tur- 
bines, one for steam turbine 
controls, one for centrifugal 
pumps and one for centrifugal 
compressors. Design exper- 
ience is desirable but not abso- 
lutely necessary; young engi- 
neers interested in these fields, 
but without specific experience, 
will be carefully trained. De 
Laval is a medium sized, long 
established manufacturing con- 
cern. The positions are for 
our permanent engineering 
staff. Starting salary and 
progress will be commensurate 
With ability. Please submit 
brief resume of qualifications 
to: 


Personnel Department 


De Laval Steam Turbine Co. 
853 Nottingham Way 
rrenton 2, New Jersey 


COMBUSTION AND 
PROPULSION RESEARCH | 


Experiment Incorporated, a leading contributor to the 
development of missile propulsion systems for over 11 
years, is again expanding its operations. El’s programs 
cover a broad range of activities from fundamental re- 
search to design and fabrication of engines. 


ENGINEERS and SCIENTISTS with experience are needed 


for challenging and responsible positions in: 


@ Air-Turborocket Development @ Rocket Design and Testing 
@ Engine Component Design @ Propellant Development 
@ Fundamental Combustion Research 


Located in suburban Richmond for over a decade, the 
company offers completely modern facilities, attractive 
working conditions and opportunity for individual responsi- 
bility. Living is pleasant in Richmond and the company 
maintains competitive salaries with liberal benefit programs. 
A relocation allowance is provided new employees. 


For descriptive brochure, address inquiries to Personnel Manager. 
EXPERIMENT INCORPORATED 


RICHMOND 2, VIRGINIA 
RESEARCH DEVELOPMENT ENGINEERING PRODUCTION 
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bility Submatrices for a Three-Bay Lat- 
tice Network. Appendix C—Expressions 
of Submatrices for Model with Six Con- 
trol Points. M. M. Chen and S. I. 
Gravitz. MIT ASRL TR 54-1, Mar., 
1955. 90 pp. 24 refs. 

The Torsional Vibrations of a Class of 
Thin, Tapered, Solid Wings. Appendix 
I—Analysis for a Plate of Varying Thick- 
ness. Appendix I[I—Chordwise Sections 
Other Than Rectangular. Appendix III— 
St. Venant Frequency for Tapered Wings, 
wst.vi- Elizabeth A. Frost. Gt. Brit., 
ARC CP 218, 1955. 22 pp. BIS, New 
York. $0.65. 

Effects of Structural Flexibility on Gust 
Loading of Aircraft. II—Dynamic 
Stresses in Swept-Wing Airplanes. Ap- 
pendix A—Derivation of the Generalized 
Masses and Forces. Appendix B—De- 
termination of Transient Stresses. Ap- 
pendix C—Effect of Nacelle Flexibility on 
Wing Stresses. Appendix D—Effect of 
Vibratory Downwash at the Horizontal 
Tail. Appendix E—The Convergence of 
Transient Stress Methods. Appendix 
F—Investigation of Optimum Nacelle 
Location. A. A. Kirsch, J. M. Calligeros, 
and Kk. A. Foss. USAF TR 54-592, Pt. 
2, Aug., 1955. 189pp. 17 refs. 

A Revised Gust-Load Formula and a 
Re-Evaluation of V-G Data Taken on Civil 
Transport Airplanes from 1933 to 1953. 
Kermit G. Pratt and Walter G. Walker. 
(U.S., NACA TN 2964, TN 3041, 1953.) 
U.S., NACA Rep. 1206, 1954. Q9pp. 12 
refs. Supt. of Doc., Wash. $0.20. 


Air Transportation 


Reduction of Airline Costs. I—The 


Background. II—The Problem. III— 
Meeting the Problem. IV—Engines. 
Hedley S. Crabtree. J. RAeS, Dec., 


1955, pp. 829-842. 11 refs. 


Airplane Design 


Auster’s Aerial Top-Dresser; The 
Auster B. 8 Agricola [with] One 240 b.h.p. 
Continental Engine. The Aeroplane, Jan. 
13, 1956, pp. 51-55, cutaway drawing. 
(Also in Flight, Jan. 13, 1956, pp. 47-51.) 

Background to the Seamew; The Short 
Seamew AS. Mk. 1 [with] One Armstrong 
Siddeley Mamba A.S. Ma. 6 Turboprop. 
The Aeroplane, Jan. 20, 1956, pp. 86-91, 
cutaway drawing. (Also in Flight, Jan. 
20, 1956, pp. 81-86.) Design, structural, 
and performance characteristics. 

A British Agricultural Aeroplane: The 
Percival P.9 [with] One 270 b.h.p. Ly- 
coming Engine. TZhe Aeroplane, Dec. 30, 
1955, pp. 1,011-1,015, cutaway drawing. 

The Eland Convair 340: The Napier- 
Eland Convair-Liner [with] Two Eland 
N.El. 1 3,200-e.h.p. Turboprop Engines. 
The Aeroplane, Jan. 27, 1956, pp. 117-121, 
cutaway drawing. (Also in Flight, Feb. 
3, 1956, pp. 136, 137.) 

STOL Airplanes—A New Approach to 
Air Transport. R. A. Darby. Aero. 
Eng. Rev., Mar., 1956, pp. 48-54. De- 
velopmental analysis of the Short Take- 
off and Landing fixed-wing design in 
terms of civil and military operational 
characteristics. 

Turbojet Transports by Boeing. The 
Aeroplane, Jan. 27, 1956, pp. 122-126. 


Design and operational performance data 
on three versions of the Boeing 707. 

The V.1000—A_ Structural Study; 
Vickers-Armstrongs V.1000 [with] Four 
Rolls-Royce Conway By-Pass Turbojets. 
The Aeroplane, Jan. 13, 1956, pp. 56-66, 
cutaway drawing. Design, structural, 
and performance data. 


Body Group 


Canopy Design for Combat Aircraft 
R. M. Kubow and J. E. Wolfe. Aero 
Dig., Jan., 1956, pp. 58, 60, 62, 64. Ap- 
praisal of the failure problem taking into 
account temperatures, loadings, pressure 
seals, and ventilation requirements to 
extend service life 


Control Systems 


Wing Heaviness; Its Causes and Cor- 
rections. Douglas Serv., Jan.-Feb., 1956, 
pp. 1—17. Fundamental factors and 
procedures for control system corrections, 
including tables of flight control rigging 
instructions. 


Development Testing 


The Time Factor in Aircraft Develop- 
ment. H. R. Foottit. Can. Aero. J., 
Jan., 1956, pp. 21-24. Survey of funda- 
mental factors in terms of the Design 
Phase preliminary, detailed, 
and total design stages and the Develop- 
ment Phase through the production de- 
velopment stage, with RCAF experience 
on the Avro Canada CF-100 jet fighter 
indicating possible means of improvement. 


covering 


Airports 
Traffic Control 
Common System Development—1956. 
James L. Anast. JAS 24th Annual 
Meeting, New York, Jan. 23-26, 1956, 


Preprint 613. 7 pp. 
nonmembers, $0.75. 


Members, $0.35; 
Organization, tech- 
nical, and operational requirements in the 
planning of a coordinated air navigation 
and traffic control system. 


Aviation Medicine 


Etude Expérimentale et Théorique de la 
Décompression Explosive et de _ ses 
Effets Physiologiques. Francois Violette. 
France, Min. del’ Air BST 118, 1955. 106 
pp. 89 refs. In French. Theoretical 
and experimental study of explosive de- 
compression and its physiological effects. 


Computers 


Electronic Computing Machines and 
Their Uses. J. H. Wilkinson. J. Sci. 
Instr., Nov., 1955, pp. 409-415. Basic 
design principles and elements of pro- 
gramming for various types of engineering 
and physical problems. 

An Analog Computer Method for Solving 
Sets of Non-Linear Algebraic Equations. 
Daniel E. Shafer. Trend in Eng., Jan., 
1956, pp. 14-20. Abridged. 

Electroanalogic Methods. II—Solution 
of Continuum-Mechanics Problem by 
Continuous-Type Conductive Procedures. 
Thomas J. Higgins. Appl. Mech. Rev., 
Feb., 1956, pp. 49-55. 314 refs. Com- 
prehensive review of the literature. 


Function Generators Based on Linear 
Interpolation with Applications to Ap. 
alogue Computing. E. G. C. Burt anq 
O. H. Lange. (JEE Monograph 137 M) 
Proc. IEE, Part B, Nov., 1955, pp. 856, 
857. Abridged. Design and operational] 
factors. 

Large-Problem Solutions at PROJECT 
CYCLONE. A. Karen and B. Loveman, 
Instruments & Automation, Jan., 1956, pp. 
78-83. NavBuAer experience with ap. 
alog-computer devices for three-dimen- 
sional flight simulation, continuous resoly. 
tion, and other problems. 

A Simple Equipment for Solving Po. 
tential and Other Field Problems. C. T. 
Murray and D. L. Hollway. J. Sci. 
Instr., Dec., 1955, pp. 481-483. Develop. 
ment of an electrical analog computational 
technique, with circuit details 

Digital Automation. Martin L. Klein, 
Frank kK. Williams, and Harry C. Morgan. 
Instruments & Automation, Jan., 1956, pp. 


74-77. Fundamental aspects of linear 
programming. 
Operational Digital Techniques for 


Special Purpose Computers. R. N. Ni- 
cola. Aero. Eng. Rev., Mar., 1956, pp. 
78-82. A compromise usage approach to 
resolve analog versus digital questions, 
with an appraisal of basic component fac- 
tors of pulse sources, binary multipliers 
and dividers, integrators, resolvers, func- 
tion generators, converters, digital servos, 
and footage counters as applied to dif- 
ferentiation, synchronization, and _navi- 
gational computation. 

A Simple Electronic Fourier Synthesizer. 
H. B. Mohanti and A. D. Booth. J. Sci. 
Instr., Nov., 1955, pp. 442-444. Experi- 
mental design permitting storage of the 
accurately phased sine and cosine func- 
tions required on a magnetic drum. 


Education & Training 


Aircrew Training in the Atomic Age. 
Cecil E. Combs. Air U. Quart. Rev. 
Summer, 1955, pp. 39-62. Includes such 
aspects as learning characteristics and the 
fighter, interceptor, and bomber-transport 
functional complexes. 


Electronics 
Amplifiers 


Transistor Power Amplifiers. R. A. 
Hilbourne and D. D. Jones. (JEE Paper 
1861 R.) Proc. IEE, Part B, Nov., 1958, 
pp. 763-774; Discussion, pp. 786-792. 
Circuit design and operational study of 
power-handling capacities, relative merits 
of several amplifier types, and load-line 
techniques; applications. 

Effect of Component Tolerances in Low 
Frequency Selective Amplifiers—An 
Analysis. N.S. Nagaraja. J. Indian Inst. 
Sci., Sect. B, Oct., 1955, pp. 324-337. 


Circuits & Components 


Statistical Techniques for Reducing the 
Experiment Time in Reliability Studies. 
Milton Sobel. Bell System Tech. J., Jan. 
1956, pp. 179-202. Evaluation of the 
relative merits of the techniques con- 
cerned with increasing the initial number 
of test units, with the replacement of each 
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7 M Communications = 
». 856, A Class of Binary Signaling Alphabets. 
tonal David Slepian. Bell System Tech. J., 
Jan., 1956, pp. 203-234. 10 refs. Gen- 
JECT eralization of Hamming’s error correcting 
eman ondes. 
0, Pp An Introduction to Some Technical Fac- 
‘h an- tors Affecting Point-to-Point Radiocom- 
limen- munication Systems. F. J. M. Laver. 
resale (IEE Paper 1925 R.) Proc. IEE, Part B, 
Nov., 1955, pp. 733-743. 100 refs. In- y sass: 
& Po cludes a comprehensive review of the ee } 
literature. Model R-3011* 
OC1, 


velop- | Cooling FM TELEMETERING TRANSMITTER 


The Problem of Cooling Electronic 
ad Equipment in High Fis nce Adeceott. Specifically designed to withstand shock impact up to 100G, the 
— Nathan A. Carhart. JAS 24th Annual R-3011 meets the need for a ruggedized, low microphonic, low 
yin: Meeting, New York, Jan. 23-26, 1956, distortion, FM Telemetering Transmitter for all extreme environ- 
Pri Preprint 612. 199 pp. Members, $0.50; mental conditions. 
1embers, $0.85. 
= Featuring a unique utilization of straightforward circuits with 
ee Dielectrics crystal control, the transmitter provides a very true linear fre- 
Ni- 
e Be Dielectric Properties of a Lattice of quency modulated output over the frequency range of 215 to 
al “i Anisotropic Particles. Zohrab A. Kap- 235 megacycles. 
sharia rielian. J. Appl. Phys., Jan., 1956, pp. . 
ions 94-32. 11 refs. ONR-supported inves- 1 Frequency Output Range: 215 to 235 mc . 
— igation at CIT Pereonne Power Output: 2 watts * Write 
ipliers Artificial Diel Inquiries : for 
func. Investigations on Arti cla ie ectrics Invited Weight: 1.7 pounds Bulletin 
erees at Microwave Frequencies. I. S. k. Ruggedized: Subminioturized ‘ 
o dif Chatterjee and B. Vasudeva Rao. J. 
mis Indian Inst. Sct., Sect. B, Oct., 1955, pp. Melbourne, Fla. 
is 304-323. RADIATI ON Inc. Orlando, Fla 
Electronic Controls Electronics Avionics Instrumentation 
on An Approximate Method for Obtaining 
f the Transient Response from Frequency Re- 
func- sponse. “ H. Rosenbrock. (JEE Paper 
1907 M.) Proc. IEE, Part B, Nov., 1955, o} 
pp. 744-752. Application to feedback MODEL 20 VISUAL MONITOR 
control systems. 
Magnetic Devices 
Age. Mechanism by Which Cobalt Ferrite 
Rev. Heat Treats in a Magnetic Field. H. J. 
; such Williams, R. D. Heidenreich, and E. A. 
id the — J. Appl. Phys., Jan., 1956, pp. 
85-89. 
isport 
Technical Properties of Iron Powder 
Magnets. E.H. Carman. Brit. J. Appl. 
Phys., Dec., 1955, pp. 426-429. TRANSDUCER 
Measurements & Testing OUTPUTS 
Dynamic Method for Measuring the 
Pyroelectric Effect with Special Reference ~ 
A. to Barium Titanate. A. G. Chynoweth. 
Paper J. Appl. Phys., Jan., 1956, pp. 78-84. i, 
por The Measurement of Power at a Wave- 5 
(92. length of 3 cm by Thermistors and Bolom- 
ly of eters. J. A. Lane. (IEE Paper 1918 For TEMPERATURE PRESSURE VIBRATION FLOW 
pris R.) Proc. IEE, Part B, Nov., 1955, pp. RADIATION COLORIMETRY CURRENT VOLTAGE 
d-line 819-824. Investigation using a water i 
calorimeter of the design, installation, and Does your data problem include any of the above? Or anything similar? 
: “ relative efficiency of various thermister The Model 20 Visual Monitor is a completely new concept in multiple data-point indication. 


and barretter designs in terms of per- b d 
: : rv nam r r in im n . 
Inst. formance as indicators of absolute power ow you can observe a easure separate data points, simultaneously. No Switching, 


no commutating, no time lag. 
applied to fundamental radiocommunica- » 9 


tion and transmission-line problems, with Wherever a graphic display of several quantities will facilitate measurement and control, 
provisions for error estimation. the Model 20 should be considered. 
g the A Microwave Resonant Cavity Method Utilizing light-beam D‘Arsonval galvanometers as the indicating elements, the Visual 
dies. ral Measuring the Resistivity of Semi- Monitor permits display of transducer output in an easy-to-interpret, graphic form. 
Jan, onducting Materials. J. G. Linhart, Let us hear from you. We would like to discuss your instrumentation problems with you. 
the I. M. Templeton, and R. Dunsmuir. 
Brit. J. Appl. Phys., J 1956 36-38 
con 2 a . Phys., Jan., 1956, pp. 36-38. 
mber A New Perturbation Method for Meas- Century E lectronics & Instruments, Inc. 


each uring Microwave Fields in Free Space. 1333 No. Utica, Tulsa, Oklahoma 
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Appendix—Fundamental Theory of the 
Method of Measurement. A. L. Cullen 
and J. C. Parr. (JEE Paper 1921 R.) 
Proc. IEE, Part B, Nov., 1955, pp. 836- 
844. 

Waveguide Investigations with Milli- 
microsecond Pulses. A. C. Beck. Bell 
System Tech. J., Jan., 1956, pp. 35-65. 
Includes testing techniques and proce- 
dures analyzed in terms of requirements of 
resolution and measuring range in particu- 
lar applications. 


Navigation Aids 


An All-Weather Radio Sextant. D. O. 
McCoy. Navigation, Dec., 1955, pp. 309- 
319. Fundamental navigational prin- 
ciples underlying the development and 
operation of the airborne version of the 
AN/SAN-1 (X N-1) design, taking into ac- 
count the reception of black body radia- 
tion at radio wavelengths. 

Evaluation of the Rho/Theta Trans- 
ponder System. Appendix I—Descrip- 
tion of Airborne Equipment. Appendix 
I1—Description of Responsors. Appen- 
dix I1[—Description of Wide Dynamic- 
Range Video Amplifier. David S. Crip- 
pen, Joseph E. Hermann, and Marvin H. 
Yost. U.S.,CAA TDR 229, June, 1955. 
85 pp. 

Survey of Ground Position Indicators. 
I—Position and Homing Indicator Mk. 
2(a). J. S. Parsons. II—R-Theta Com- 
puter System. J. L. McKelvie and W. F. 
Haefnel. II[I—Latitude and Longitude 
Computer Set ASN-6. S. I. Frangoulis. 
Aero Dig., Jan., 1956, pp. 30-86, 38, 40, 41, 
44,45. Basic design and operational char- 
acteristics of the automatic airborne navi- 
gational systems, with developmental 
factors; potentialities and applications 
for high-speed, all-weather flight. 


Oscillators & Signal Generators 


Experiments on the Regeneration of 
Binary Microwave Pulses. O. E. De- 
Lange. Bell System Tech. J., Jan., 1956, 
pp. 67-90. 

Frequency Stability of LC Oscillators 
with Large Grid and Anode Capacitances. 
J. Groszkowski. Bul. Acad. Polonaise 
Sci. (Warsaw ), No. 3, 1955, pp. 149-155. 


Radar 


Determination of the Reflection Coeffi- 
cient of the Sea, for Radar-Coverage 
Calculation, by an Optical Analogy 
Method. G. W.G. Court. (JEE Paper 
1917 R.) Proc. IEE, Part B, Nov., 1955, 
pp. 827-830. Includes data on aircraft 
track test-flight results. 


Semiconductors 


A Germanium Diffused-Junction Photo- 
Electric Cell. J. M. Waddell, S. E. 
Mayer, and S. Kaye. (JEE Paper 1860 
R.) Proc. IEE, Part B, Nov., 1955, pp. 
757-762. 18 refs. Design and opera- 
tional characteristics including noise-level 
factors; applications. 

Diffused Emitter and Base Silicon 
Transistors. M. Tanenbaum and D. E. 
Thomas. Bell System Tech. J., Jan., 1956, 
pp. 1-22. 

Photovoltaic Noise in Silicon Broad 
Area p-n Junctions. U. F. Gianola. J. 
Appl. Phys., Jan., 1956, pp. 51-54. 


Transistor d.c. Convertors. L. H. 
Light and Prudence M. Hooker. (JEE 
Paper 1862 R.) Proc. IEE, Part B, Nov., 
1955, pp. 775-786; Discussion, pp. 786- 
790; Authors’ reply, pp. 790-792. Char- 
acteristics of a transistor relaxation-oscilla- 
tor circuit serving as a direct-voltage step- 
up device; operating and design prin- 
ciples for efficient power conversion; and 
an analysis of the problems of voltage- 
doubler variants, stabilization of output 
voltage, and fault protection. 


Transmission Lines 


Coupled Helices. J. S. 
Kimpfner, and C. F. Quate. Bell System 
Tech. J., Jan., 1956, pp. 127-178. 14 refs. 
Analysis of theoretical bases and applica- 
tions using the transmission-line and field 
approaches to provide circuit design cri- 
teria. 

Energy Concentration Effects in Ferrite 
Loaded Wave Guides. J. L. Melchor, W. 
P. Ayres, and P. H. Vartanian. J. Appl. 
Phys., Jan., 1956, pp. 72-77. Analysis of 
the effects of geometric parameters on 
microwave transmission characteristics. 

Propagation of Transient Fields from 
Dipoles Near the Ground. H. Poritsky. 
Brit. J. Appl. Phys., Dec., 1955, pp. 421- 
426. 


Cook, R. 


Wave Propagation 


Automatic Recording of the Direction of 
Arrival of Radio Waves Reflected From 
the Ionosphere. J. A. Thomas and R. W. 
E. MeNicol. (JEE Paper 1932 R.) 
Proc. IEE, Part B, Nov., 1955, pp. 793- 
799. 

Forward Scatter of Radio Waves—A 
New Means of Communication. U.S., 
NBS Tech. News Bul., Jan., 1956, pp. 8- 

On the Scattering of Spherical Waves by 
a Cylindrical Object. James R. Wait. 
Appl. Sci. Res., Sect. B, No. 6, 1955, pp. 
464-468. 


Equipment 


Accessory Drive Turbines for Aircraft 
and Missiles. O. E. Balje. Aero. Eng. 
Rev., Mar., 1956, pp. 60-67. Simplified 
analysis of the adaptability of conventional 
single-stage turbine designs. 


Hydraulic & Pneumatic 


Hydraulic Powered Flying Controls. I. 
John A. Lankester. Appl. Hydraulics, 
Feb., 1956, pp. 71-74, 76. Basic design 
and operation of the British Servodyne 
and Fairey Hydrobooster systems. 

Pneumatic Ducting Systems. 
M. Cattrell. Aero. Eng. Rev., Mar., 1956, 
pp. 68-71. Appraisal of design and 
fabricational problems of power trans- 
mission systems for compressor-bled air in 
high-speed, high-altitude flight, taking 
into account increase in pressurization, air 
conditioning, automatic dynamic flight 
and control, engine starting, boundary- 
layer control, and anti-icing requirements. 


William 


Fuels & Lubricants 


Effect of Dissolved Oxygen on the 
Filterability of Jet Fuels for Temperatures 
Between 300° and 400° F. Anderson B. 


McKeown and Robert R. Hibbard. US, 
NACA RM E355128, Dec. 28, 1955. 29 
pp. 10 refs. 

The Adhesion of Clean Metals. F. p 
Bowden and G. W. Rowe. Proc. Royg] 
Soc. (London), Ser. A, Jan. 10, 1956, pp. 
429-442. 14 refs. Experimental an. 
alysis based on McFarlane-Tabor theo. 
retical findings of the lubrication problem 
for the cases of metallic surfaces denuded 
of surface films by heating in a high 
vacuum. 

Spontaneous Ignition Studies Relating 
to Lubricants of Reduced Flammability, 
Kenneth T. Mecklenborg. U.S., NACA 
TN 3560, Jan., 1956. 17 pp. 


Ice Formation & Prevention 


Impingement of Water Droplets on a 
Sphere. Appendix—Description of Lewis 
Electromechanical Differential Analyzer, 
Robert G. Dorsch, Paul G. Saper, and 
Charles F. Kadow. U.S., NACA TN 
3587, Nov., 1955. 29 pp. 10 refs. 
Calculation of droplet trajectories jn 
ideal fluid flow to determine the droplet- 
impingement characteristics of the sphere, 
with data and equations for the collection 
efficiency, the area, and the impingement 
distribution given in terms of dimension- 
less parameters. 

An Oil-Stream Photomicrographic 
Aeroscope for Obtaining Cloud Liquid- 
Water Content and Droplet Size Distribu- 
tions in Flight. Paul T. Hacker. U.S, 
NACA TN 3592, Jan., 1956. 36 pp. 26 
refs. 


Instruments 


Flow Measuring Devices 


High-Speed, Direct Recording Fabry- 
Perot Interferometer. Manfred A 
Biondi. Rev. Sci. Instr., Jan., 1956, pp. 
36-39. Design, developmental, and oper- 
ational characteristics incorporating a 
photomultiplier recording device. 

Mass Flowmeter Summation System. 
Clarence A. Haskell. JAS 24th Annual 
Meeting, New York, Jan. 23-26, 1956, 
Preprint 602. 7 pp. Members, $0.35; 
nonmembers, $0.75. Design and opera- 
tional characteristics of a practical meas- 
uring means for the total fuel flow in a 
multiengine aircraft. 


Gyroscopes 


Gyro Wander and Map Projections. 
Keith R. Greenaway. Navigation, Dec., 
1955, pp. 293-297. Use of high per- 
formance directional gyros in high-speed 
aircraft, with an evaluation of causes of 
apparent wander due to the earth’s rota- 
tion and change of longitude and of the 
effect of convergency. 


Pressure Measuring Devices 


Investigations of the Properties of 
Corrugated Diaphragms. W. A. Wild- 
hack, R. F. Dressler, and E. C. Lloyd. 
ASME Diamond Jubilee Annual Meeting, 
Chicago, Nov. 13-18, 1955, Paper 55-A- 
181. 39 pp. 19 refs. Correlation of 


pressure deflection characteristics of the 
diaphragms using dimensional analysis 
based on experimental results for various 
sizes, materials, thicknesses, and shapes. 
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Temperature Measuring Devices 


Measurement of the Temperature of a 
Fluid in Motion. R. Ecabert. (Bul. 
Tech. Suisse Romande, Lausanne, Oct. 20, 
1955, pp. 406-411.) Engr. Dig., Dec., 
1955, pp. 561, 562. 19 refs. Analytical 
calculations using statistical evaluating 
methods based on tests at 0.12—0.30 Mach 
and 40,000-100,000 Reynolds Numbers 
under the assumption that the tempera- 
tures measured do not differ appreciably 
fom ambient temperature, neglecting 
the heat exchange between thermometer 
and walls, and indicating the independence 
of the heating coefficient from the flow 
yelocity. 

New Method of Flow Calorimetry. L. 
G. Hoxton and R. A. Weiss. Rev. Sci. 
Instr., Nov., 1955, pp. 1,058-1,060. De- 
sign of the apparatus, principles of opera- 
tion, error estimation, and applications. 

APlatinum Resistance Thermometer for 
Use at Low Temperatures. C. R. Bar- 
ber. J. Sct. Instr., Nov., 1955, pp. 416, 
417. NPL development. 

A Precision Servo-Type Thermocouple 
Temperature Indicating System. George 
H. Cole. JAS 24th Annual Meeting, 
New York, Jan. 23-26, 1956, Preprint 607. 
7 pp. Members, $0.35; nonmembers, 
$0.75. Design and performance of a 
Minneapolis-Honeywell EGTI system. 

The Stability of Thermistors. A. Beck. 
J. Sci. Instr., Jan., 1956, pp. 16-18. Re- 
liability analysis in the indication of rela- 
tive temperatures to an accuracy of 
0.02° C. 


Machine Elements 


Fastenings 


Static Shear Strength of 2117-T4 
(Al7S-T4) Aluminum-Alloy Rivets at 
Elevated Temperatures. W. J. Dewalt 
and K. O. Bogardus. U.S., NACA RM 
55130, Jan. 4, 1956. 12 pp. 


Rotating Discs & Shafts 


Wytrzymatosciowe Obliczanie Wiru- 
jacych Tarcz Maszyn Cieplnych Wirni- 
kowych (Calculation of Strength in Ro- 
tating Discs of Gas Turbines). Edmund 
Tulistzka. Arch. Budowy Maszyn (War- 
saw), No. 3, 1955, pp. 227-263. In 
Polish, with summaries in English and 
Russian. Analysis includes:  calcula- 
tions for hyperbolical rings loaded with 
inertial forces of rotating masses and 
stresses resulting from the temperature 
field and from the shrinkage setting of the 
discs on the shaft; determination of the 
field of temperatures for the case of heating 
of the discs exclusively by means of gas 
flowing through the channels between the 
blades; and use of the superposition 
method to solve the problem of boundary 
conditions of the stress states. 


Springs 


Some Parasitic Deflexions in Parallel 
Spring Movements. R. V. Jones and 
I.R. Young. J. Sci. Instr., Jan., 1956, 
pp. 11-15. Analysis of the basic factors 
of the accuracy of construction, geometri- 
cal proportions, spring variations and 
distortion, platform bending, clamp dis- 
tortion, and gravity effects. 
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NORTH AMERICAN’S 


Columbus Division 


ay 


Offers A New Challenge 


To 


EXPERIENCED 


ENGINEERS 


You can share in a new kind of career challenge . 


.. if you 


have experience and vision. Here's the story briefly: 


North American's Columbus Division has prime responsi- 


bility for the design, development and production of North 
American's Naval airplanes. The Division is young, with the 
highly-successful FJ-4, a ‘‘concept-to-flight’’ Columbus Divi- 
sion product, as evidence that its engineering team is ‘‘going 
places.” 


for you. 


Young organization . greater Individual Opportunity 


You are sure of... Stability. .. North American Aviation 


is the company that has built more airplanes than any other 
company in the world... Promise... the availability of posi- 
tions for experienced engineers comes only from success. 


A SELECT FEW POSITIONS ARE OPEN 

IN EACH OF THESE FIELDS: 

Aerodynamicists, Thermodynamicists, Dynamicists, Stress En- 
gineers, Structural Test Engineers, Flight Test Engineers, 
Mechanical and Structural Designers, Electrical and Electronic 
Engineers, Wind Tunnel Model Designers and Builders, Power 
Plant Engineers, Research and Development Engineers, 
Weights Engineers. 


For The Full Story On Your Ohio Future, Write Today: Mr. 


J. H. Papin, Personnel Manager, Department 56AER, North 
American's Columbus Division, Columbus 16, Ohio. 


Engineering Ahead for a Better Tomorrow 


American Aviation, INC. 
COLUMBUS DIVISION 
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Zarys Teorii Pewnego Typu Sprezin 
Sciskanych o Zmiennym Skoku (Outline 
of the Theory of a Certain Type of Com- 
pressed Springs with Variable Pitch). 
Jarostaw Naleszkiewicz. Arch. Budowy 
Maszyn (Warsaw), No. 3, 1955, pp. 197- 
226. 15refs. In Polish, with summaries 
in English and Russian. 


Materials 


Corrosion & Protective Coatings 


Investigation of Corrosion Due to 
Cavitation (Untersuchungen iiber die 
durch Kavitation hervorgerufenen Korro- 
sionen). P. de Haller. (Schweiz. Bau- 
seitung, Zurich, No. 22, 1933, pp. 260- 
264.) Gt. Brit., RAE Lib. Transl. 548, 
Aug., 1955. llpp. 32refs. 


Metals & Alloys 


A Dictionary of Metallurgy. XL—Ru- 
Sc. A. D. Merriman and J. S. Bowden. 
Metal Treatment, Jan., 1956, pp. 13-20. 

Grain Boundaries. I—Explanation of 
Micro-Structures in Terms of Energies. 
D. McLean. Metal Treatment, Jan., 
1956, pp. 3-10. 17 refs. 

International Colloquium on Fatigue 
of Metals; Report of the Meeting Held 
in Stockholm, May 25-27, 1955. B. R. 
Noton. Aircraft Eng., Dec., 1955, pp. 
404—408. 

Boron in Iron and Steel; Hardenability 
and Its Mechanism. G. M. Leak. 
Metal Treatment, Jan., 1956, pp. 21-28. 
21 refs. 

High-Strength Steel; Application of 
Ultra-High-Strength Steel in Airframe 
Manufacture. John Dietz and L. H. 
McCreery. Aircraft Prod., Feb., 1956, 
pp. 74-77. 

Jet and Rocket Applications of the New 
Metals. II. Gerald D. Johnson. J. 
Space Flight, Jan., 1956, pp. 1-6. Physical 
and mechanical properties of titanium, 
steel, and other alloys. 

On The Thermal Aspect of Fatigue. 
A. M. Freudenthal and J. H. Weiner. J. 
Appl. Phys., Jan., 1956, pp. 44-50. 32 
refs. WADC-supported investigation of 
the mechanism of thermal fatigue analyzed 
in terms of the factors of heat release in 
slip processes, quasi-steady state for moving 
heat sources, temperature level on slip- 
planes, moving heat source in an infinite 
medium and between insulating planes, 
and temperature and thermal stress in- 
tensity in fatigue stressing of a particular 
material such as aluminum. 


Metals & Alloys, Nonferrous 


Aluminum Alloys for Elevated Tempera- 
ture Service. E. H. Dix, Jr. (CAI-IAS 
Internatl. Meeting, Ottawa, Nov. 3, 4, 1955, 
Preprint 574.) Can. Aero. J., Jan., 1956, 
pp. 11-20. (Also in Aero. Eng. Rev., 
Jan., 1956, pp. 40-48, 57.) 

Characteristics of Plastic Deformation 
on the Surface and in the Interior of a 
Polycrystalline Aluminium-Silver Alloy. 
N. A. McKinnon. Australia, ARL Met. 
Note 2, Mar.1955. 16 pp. 

Grain-Boundary Behavior in Creep of 
Aluminum Bicrystals. F. N. Rhines, W. 
E. Bond, and M.A. Kissel. U.S., NACA 
1 N 3556, Dec., 1955. 56 pp. 37 refs. 


Investigation of the Compressive 
Strength and Creep Lifetime of 2024-T3 
Aluminum-Alloy Plates at Elevated Tem- 
peratures. Eldon FE. Mathauser and 
William D. Deveikis. (U.S., NACA RM 
L55E11b, 1955 U.S., NACA TN 33552, 
Jan., 1956. 40 pp 

American Experience with Magnesium 
Alloys; Some Details of Recent Work on 
Aircraft Primary Structures in Mag- 
nesium. H. Wilkin Perry. Aircraft 
Eng., Dec., 1955, pp. 416, 417. 

The Chromium-Rich Alloys of the 
Chromium-Titanium-Tungsten System at 
900° C and 1200° C. N. Ryan. Aus- 
tralia, ARL Rep. Met. 13, July, 1955. 138 
pp. 

Current Problems of the Metallurgy of 
Titanium. Il—The Reduction of Ti- 
tanium Tetrachloride with Magnesium. 
IlI—The Production of Titanium by 
Fused Salt Electrolysis. W. J. Kroll. 
( Metall, Berlin, No. 9/10, 1955, pp. 366 
376). Gt. Brit., RAE Lib. Transl. 354, 
Oct., 1955. 29pp. 66refs. 


Nonmetallic Materials 


Influence of Temperature on Creep, 
Stress-Rupture, and Static Properties of 
Melamine-Resin and Silicone-Resin 
Glass-Fabric Laminates. William N. 
Findley, Harlan W. Peithman, and Will J. 
Worley. U.S., NACA TN 3414, Jan., 


1956. 7lpp. I14refs. 


Testing 


Experimental Test of the Theory of 
Penetration by Metallic Jets. R. J. 
Eichelberget Appl. Phys., Jan., 1956, 
pp. 63-68. Application of the hydro- 
dynamic penetration concepts of Pugh 
and of Mott, Pack, and Hill to the study of 
the phenomenon using different materials 
under a variety of conditions. 

Industrial Applications of Ultrasonics. 
E. G. Richardson. Brit. J. Appl. Phys., 
Dec., 1955, pp. 413-415. Appraisal of 
uses including testing of metallic struc- 
tures for hidden cracks or faulty lamina- 
tions. 

On the Discontinuity in the Tem- 
perature Coefficient of the Velocity of 
Ultrasonic Waves in Polymeric Materials. 
Richard N. Work. J. Appl. Phys., Jan., 
1956, pp. 69-72. 17 refs. Army-Navy- 
supported investigation. 

On the Permeability of Porous Ma- 
terials. E. Carson Yates, Jr. UD 
NACA TN 3596, Jan., 1956. 31 pp. 15 
refs. Application of test results to the 
design of area-suction installations on 
wings, flaps, inlets, and wind tunnels. 

On the Solution of Problems of Dy- 
namic Plane Elasticity. J. R. M. Radok. 
Australia, 1RL Rep. SM.230, July, 
1955. 16 pp. Application of test results 
to the solution of the moving Griffith crack 
and moving dislocations. 

A 600-Ton Test Rig for Brittle Fracture 
Research. A. A. Wells. Brit. Welding 
J., Jan., 1956, pp. 25-30. 

A Study of the Formvar Replica Process. 
A. W. Agar and R. S. M. Revell. Brit. 
J. Appl. Phys., Jan., 1956, pp. 17-25. 
15 refs. Application to metallic surface 
testing under various conditions. 


1956 


Mathematics 


The Evaluation of Integrals Containing 
a Parameter. R. B. Dingle. Appl. Sq 
Res., Sect. B, No. 6, 1955, pp. 401-410. 

Method and Tables for Determining the 
Time Response to a Unit Impulse from 
Frequency-Response Data and for De 
termining the Fourier Transform of g 
Function of Time. Appendix—Numericg] 
Evaluation of Duhamel Integral. Carl R 
Huss and James J. Donegan U.S, 
NACA TN 3598, Jan., 1956. 38 pp. 

On the Bounds of Eigenvalues. k. 
Washizu. Quart. J. Mech. & Appl. Math, 
Sept., 1955, pp. 311-325. Geometric 
representation of leading theorems, gen. 
eralization of the Rayleigh principle, and 
potential extension to a system with an 
infinite number of degrees of freedom. 

On the Average Uncertainty of a Con- 
tinuous Probability Distribution. A. p. 
du Mosch. Appl. Sci. Res., Sect. B, No, 
6, 1955, pp. 469-473. 

Polynomial Characteristic Equations; 
Criteria for Quadratic Factors to be Posi. 
tive. J. Morris and J. W. Head. Ai. 
craft Eng., Dec., 1955, pp. 419, 420. 


Meteorology 


The Comparative Accuracy of Certain 
Statistical and Synoptic Forecasting Tech- 
niques. Robert M. White and Agnes M. 
Galligan. Bul. AMS, Jan., 1956, pp. 
1-7 

An Investigation of the Structure and 
Dynamics of an Intense Surface Frontal 
Zone. Frederick Sanders. J. Meteor. 
ology, Dec., 1955, pp. 542-552. 14 refs. 

On the Structure of the Atmospheric 
Surface Layer. J. A. Businger. J. 
Meteorology, Dec., 1955, pp. 553-561. 22 
refs. 

Quantitative Determination of Long 
Waves and Their Time Variations. Paul 
M. Wolff. J. Meteorology, Dec., 1955, pp. 
536-541. 11 refs. Results of NavBuAer 
Project AROWA observations 


Missiles 


Ballistic Missile 
William Reece, R. David Joseph, and 
Dorothy Shaffer. Cornell Aero. Lab. 
Rep., Sept. 16, 1955. 25 pp. Develop- 
ment of a semianalytic method for cal- 
culating the range of one-stage ballistic 
rocket-propelled surface-to-surface mis- 
siles to obtain simple approximation of the 
fundamental complex trajectory problem 
applicable to a 50-500 nautical mile range; 
computational results in graphical form 
obtained with the use of the REAC cal- 
culator. 

On the Calculation of the Powered 
Flight of a Long Range Rocket, Super- 
vised by an Automatic Pilot. J. M. J. 
Kooy. Astronautica Acta, Fasc. 4, 1958, 
pp. 191-198. Includes derived data on 
the aerodynamic forces and moments it- 
volved. 

Uber eine simultane analytische Inte 
gration der Bewegungsgleichungen eines 
gefliigelten Gerdtes im Uberschallgleit- 
flug. H. J. Kaeppeler. Astronautics 
Acta, Fase. 4, 1955, pp. 166-170. Ia 
German. Analytical integration of the 
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IAS Library. 


NATIONAL 


| 
| 
AERONAUTICAL ABSTRACTS 
1 A Review of Worldwide Scientific and Technical Literature 


Selected and prepared by the IAS Staff from currently released material received in the IAS 
Library. This research is supported by the Air Force Office of Scientific Research of the Air 
Research and Development Command. Address inquiries concerning this literature to the 


PUBLISHED MONTHLY BY THE AERONAUTICAL ENGINEERING REVIEW 
Official Publication of the Institute of the Aeronautical Sciences, 2 East 64th Street, New York 21, N.Y. 


Volume 1, Number 4 


ACOUSTICS, SOUND, AND NOISE 


ON THE AERODYNAMIC SURFACE SOUND 
FROM A PLANE TURBULENT BOUNDARY LAYER 
0.M. Phillips. Proc. Royal Soc. (London), Ser. 

A, Feb. 21, 1956, pp. 327-335. Results of a theo- 
Tetical investigation indicating that the dipole sound 
radiated per unit area vanishes as a consequence of 
| the vanishing of the mean-square momentum per 
unit area of the shear layer when a turbulent fluid 
moves across an infinite flat plate with motion sta- 
tistically homogeneous in planes parallel to the 
plate, but that a nonzero radiation field may be es- 
tablished when the motion in the parallel planes is 
not homogeneous, thus that a semi-infinite flat plate 
ina uniform stream produces a finite dipole radia- 
tion per unit area becoming vanishingly small with 
increasing distance down the plate. 


SILENCING THE JET AIRCRAFT. H.W. With- 
ington. Aero. Eng. Rev., Apr.,1956,pp., 55-63,84. 
Boeing experimental development of a noise-suppres- 
sion device for the 707 jet transport incorporating 
optimum acoustical characteristics minimizing re- 
tarding effects on engine and aircraft performance. 
Model and full-scale tests include thrust coefficient 
and sound-level measurements emphasizing the 
problems of the ground run-up noise and take-off 
and climb-out noise patterns, and taking into ac - 
count structural and weight factors, with the analyt- 
ical results indicating the effect of noise reduction 


on the wing trailing edge areas in the vicinity ofthe 
jet exhaust. 


AERODYNAMICS 


Boundary Layer and Thermoaerodynamics 


CROSS FLOWS IN LAMINAR INCOMPRESSIBLE 
BOUNDARY LAYERS. Appendixes A, B - CALCU- 


169 


April, 1956 


LATION OF FUNCTIONS. Appendix C - RESOLU- 
TION OF BOUNDARY-LAYER VELOCITIES INTO 
COMPONENTS NORMAL AND TANGENTIAL TO 
MAIN-FLOW STREAMLINES. A.G. Hansen and 
H.Z. Herzing. US, NACA TN 3651, Feb., 1956. 
50 pp. Analytical derivation for three-dimensional 
laminar and incompressible boundary-layer flow 
over a flat surface with a leading edge under main- 
flow streamlines translated and represented by pol- 
ynomial expressions, with the profiles of their ve- 
locity components having similarity with respectto 
rectangular coordinates. Includes tables of special 
functions of the Blasius similarity parameter re- 
quired for computing boundary-layer cross flows; 
and experimental smoke flow-visualization results 
used to compare the behavior of thick and thin bound 
ary layers. 


EFFECT OF LEADING-EDGE GEOMETRY ON 
BOUNDARY-LAYER TRANSITION AT MACH 3.1. 
P.F. Brinich. US, NACA TN 3659, Mar., 1956. 
44 pp. 14 refs. Experimental investigation of the 
geometry on transition position, recovery-factor 
distribution, boundary-layer profile, and the rough 
ness required to induce transition for a hollow cyl- 
inder alined with the air stream, taking into account 
surface-heat conductivity. Results indicate that a 
slightly blunted sharp leading edge lowers the Rey- 
nolds Number within the reduced velocity region of 
the inviscid shear layer delaying transition, in- 
creases the free-stream laminar recovery factor 
and boundary-layer growth, and reduces effects of 
surface roughness on transition. 


FORMULAE AND APPROXIMATIONS FOR AER- 
ODYNAMIC HEATING RATES IN HIGH SPEED 
FLIGHT. Appendix I - FACTORS INFLUENCING 
TRANSITION. R.J. Monaghan. Gt. Brit., RAE 
TN Aero. 2407, Oct., 1955. 53 pp. 19 refs. Deri- 
vation of formulas to estimate local and mean heat 
flow rates, with laminar or turbulent boundary lay- 
ers related to transitional problems of laminar to 
turbulent flow, taking into account the effects of 


(45) 


| 
Bee 
| 
| 
| 
| 
| 
| 
d 
al 
4 
ic 
J 
») 
Ui 
Dp 
er | 
nd 
1.0 
al- 
tic 
nis- 
the 
em 
Age 
cal 
red 
| 
. 
or 
inte- 
ines 
leit- 
ulico 
In 
the 
|_| 
|| 


170 


Mach Number, surface temperature, altitude, and 
Reynolds Number on heat flow rates, and the effects 
of radiation and the time required for the skin to 
reach the resulting equilibrium at constant Mach 
Mumber and altitude. Analysis under the assump- 
tion of neglected longitudinal temperature and pres- 
sure gradients based on flat-plate theory to obtain 
rough approximations in terms of expected minimal 
effect of small pressure and temperature gradients 
on thin wings and slender bodies in supersonic flight 


HEAT TRANSFER CHARACTERISTICS OF A 
HEMISPHERE CYLINDER ATHYPERSONIC MACH 
NUMBERS. E.M. Winkler and J.E. Danberg. IAS 
24th Annual Meeting, New York, Jan. 23--26, 1956, 
Preprint 622. 15 pp. Members, $0.50; nonmem- 
bers, $0.85. Results of the USAF-NAVORD-spon- 
sored experimental investigation in the NOL Hyper 
sonic Tunnel at Mach Numbers up to M = 8, free- 
stream Reynolds Numbers based on model diameter 
in the range from 70,000 to 400,000, and the wall 
to stagnation temperature ratios from 0.43 to 0.75, 
with data evaluated from temperature differences 
across the wall on a cooled model under steady state 
conditions. Results, reduced to local nondimensiar 
al heat-transfer parameters and compared to those 
predicted by the Korobkin modified incompressible 
theory, indicate peak values for angular positions 
of about ll and 45 degrees and high values at the 
shoulder. 


SOME EFFECTS OF BLUNTNESS ON BOUNDA- 
RY-LAYER TRANSITION AND HEAT TRANSFER 
AT SUPERSONIC SPEEDS. Appendixes A, B - DIS- 
SIPATION OF THE LOW MACH NUMBER LAYER. 
Appendix C - MACH NUMBER PROFILES PROD- 
UCED BY DETACHED SHOCK WAVES. W.E. 
Moeckel. US, NACA TN 3653, Mar., 1956. 43pp 
19 refs. Analysis of downstream transition move- 
ments in the presence of slightly blunted leading 
edges of hollow cylinders or flat plates at Mach 
Numbers up to 20, in terms of the reduction of Rey 
nolds Numbers at the outer edge of the boundary 
layer due to the detached shock wave, based on the 
hypothesis ofa substantially unchanged transition 
Reynolds Number when a sharp leading edge ortip 
is blunted. Results, as compared to experimental 
results for hollow tubes tested at Mach 3.1, indi- 
cate that the downstream movement of transition is 
inversely proportional to the ratio of surface Rey- 
nolds Number with blunted tip or leading edge to 
surface Reynolds Number with sharp tip or leading 
edge; that at other Mach Numbers, blunting the tip 
of slender cones or the leading edge of thin wedges 
should produce downstream movements by factors 
ranging from 2 at M= 3.0 to 30 at M = 15 as related 
to the possible reduction in over-all heat-transfer 
rate and friction drag for aircraft flying at high su- 
personic and hypersonic speeds. 


Control Surfaces 


A METHOD FOR PREDICTING LIFT EFFEC - 
TIVENESS OF SPOILERS AT SUBSONIC SPEEDS. 
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Aero. Sci., Apr., 1956, pp. 330-334, 376. WADG 


1956 


A.L. Jones, Owen P. Lamb, and A.E. Cronk. J, 


-supported development of a rapid, straight forwan 
estimation procedure applicable at Mach Numbers 
up to approximately 0.95 for an angle-of-attack 
range restricted to an upper limit of about 6 degrees 


srized thec 
of motion 1 
with the so 
using the I 
distributio 
expanding 


for upper-surface control devices, taking into ac- 
count the effects of the basic parameters of aspect 


of a double 
in the hodc 


and taper ratios, sweepback, airfoil thickness ratio | entropy on 


chordwise location and spanwise extent and location | 
of any control, and using design charts to indicate 
the relative effects of variations in each parameter, | 


MIXING AND THE JET FLAP. Appendix I- THE 


CONTR 
PARO! EN 
| THEO 
EXTERIEt 


MOMENTUM METHOD; AN ALTERNATIVE AP- |NOUVELL 


PROACH TO THE MIXING BETWEEN THE JET 
AND THE MAIN STREAM. Appendix II - CONSID. | 
ERATIONS OF SINKS AND SOURCES IN ORDER TO 
VISUALIZE THE FLOW - FURTHER DETAILS. “& 
pendix III - MIXING BETWEEN THE AEROFOIL 
BOUNDARY LAYERS AND THE JET - FURTHER 
DETAILS. B.S. Stratford and N.A. Dimmock. Gt, 
Brit., NGTE Memo. M.250, Oct., 1955. 45 pp. 
Results of theoretical and experimental investiga- 
tions of the high lift technique indicating the possi- 
ble reduction of thrust loss through the use of by- 
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1955, 247 
theoretica 
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tended to 1 
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tests at lo 


pass engines and a shrouded jet flap at take-off, 


into accou 


with a formulation of thrust augmentation off setting | a evaluat 


the primary effects of mixing, neglecting the im- 
portance of the jet low-density as a factor in cruis- 
ing flight, the velocity component, energies and 
moments associated with it, and of the surrounding 
air perpendicular to and into the jet. 


THE PRESSURE DISTRIBUTION ON AN UN- 
SWEPT WING WITH VARIOUS ARRANGEMENTS 
OF SPLIT FLAP. J.A. Lawford, Gt. Brit., RAE 
TN Aero. 2384, July, 1955. 62 pp. Results of tests 
in the 4 x 3 in. low-turbulence wind tunnel on an 
RAE 101 airfoil section having a five per cent chord 
flap at varying angles of incidence, angle, aspect 
ratio, and chordwise station, with the pressure 
plotting data presented in tabular and graphical 
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form covering pressure coefficients at flap cen- 
ter line and various spanwise positions, reattach- 
ment lengths at flap center line, and normal force 
and pitching moment coefficients as part of an anal | 
ysis of flap effects on chordwise pressure distribu- 

tion, and on normal forces and pitching moments | 
obtained by integrating the pressure measurements. 


Fluid Mechanics and Aerodynamic Theory 


ANALYTICAL TREATMENT OF TWO-DIMEN- 
SIONAL SUPERSONIC FLOW. I - SHOCK- FREE | 
FLOW. II - FLOW WITH WEAK SHCCKS. J.J. | 
Mahony and R.E. Meyer. Philos, Trans. Royal 
Soc. (London), Ser. A, Feb. 9, 1956, pp. 467-515. 
27 refs. Development of approximation methods to 
solve the general wave-interaction problem of 
steady, .irrotational, homentropic flow of a perfect 
gas, with equations developed for shock-free and 
weak-shock flows, neglecting entropy changes, tak- 
ing into account a convergent process based on line 
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MEASL 
AN INCLI 
DJ. Rane 
jl pp. Ex 
show resu 
(leeward) 
and downy 
ured in pc 
from the 1 
ysis inclu 
Tear posit 
the body a 
pressible 
sional cir 
flow; an e 
Cross 
of infinite 
strength; 
lative ma 


| 
_ 
| 


yrized theory and a mode of reduction for equations 
{motion to linear hyperbolic differential equations 
ith the solution dependent on Mach Number range 
ysing the Riemann method to calculate the pressure 
jistribution in the first interaction region of a jet 
expanding from a perfect nozzle, or the expansion 
jofa double-power series. Includes a study of shock 
‘t jin the hodograph plane, and discussion of effects of 


tio, | entropy on accuracy of solution. 
on : 
8 CONTRIBUTION A L'ETUDE DE L'EFFET DE 
| pARO] EN ECOULEMENT PLAN INCOMPRESSIBLE. 
jl - THEORIES ET DOCUMENTS EXPERIMEN TAUX 
HE 'fXTERIEURS. II - THEORIE ET EXPERIENCES 
>. |NOUVELLES. Appendix I - EFFET BOUCHON 
| poUR DES PLAQUES PLANES FACE AU VENT. 
D- (Jacques Barbieux. France, Min. de l'Air PST 304 
TO |1955. 247 pp. 25 refs. Im French. Results of 
Ap | theoretical and experimental investigations; devel- 
| opment of a new theory of wall effects, with calcu- 
‘R lations of the frame stress and strain, curvature of 
Gt, | the aerodynamic area around a profile, and modifi- 
.. {cations of the general and local characteristics, ex 
1- | tended to the case of compressible flow within the 
si- | limits of the Prandtl law; and a comparison with 
,- | tests at low speed on an NACA 63.015 profile, taking 
into account the effect of wing thickness. Includes 
tig evaluation of measuring techniques and appara- 
- 
ing |_ CONTRIBUTION AL'ETUDE DES MILIEUX 
POREUX. I-INTRODUCTION. Il - ECOULEMENT 
PLAN. II - METHODE DE RELAXATION ET 
ECOULEMENT DE REVOLUTION. Mladen M. Bo- 
reli, France, Min. de l'Air PST 305, 1955. 129pp 
: InFrench. Theoretical and experimental investiga- 
AE | tion of the problems of underground flow governed 
ests | by gravity laws based on the Darcy findings using 
| the analogy tank technique, and applying the theory 
nord | of analytical functions of a complex variable to the 
ect | study of plane and constant flow in porous media, 
re ing calculations for the rotating flow by means of 
a] | the relaxation method as for the case of a shaft not 
sn- | attaining the impervious layer. 
h- 
‘ce 
nak | MEASUREMENT OF THE CROSS FLOW AROUND 
ibu- AN INCLINED BODY AT AMACH NUMBER OF 1.9L 
ts |D.J. Raney. Gt. Brit., RAE TN Aero. 2357, 1955. 


ents. | jlpp. Experimental results given in diagrams to 
show resultant cross-flow distribution on the upper 
jleeward) half of the cross-flow plane of the upwash 

and downwash around a body of revolution, meas- 

ured in positions five and 13 calibers downstream 


-N- | from the nose at various angles of incidence. Anal- 
EE ysis includes: a derivation of the cross flow at the 
J. | Tear position caused by the vortex pair shed from 
1 the body and their images by subtracting the incom- 
515. | pressible potential cross flow around a two-dimen- 
is tO | sional circular cylinder from the calculated cross 
flow; an estimation of a corresponding theoretical 
fect } cross flow due to the vortices under the assumption 
nd | of infinitely long subsonic vortices of constant 
— strength; and a comparison of the direction and re- 


lative magnitudes throughout the flow field of the de- 
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rived and theoretical vortex cross flows, taking in- 
to account the factor of reliability of the parameters 


PRESSURE DISTRIBUTIONS: AXIALLY SYM- 
METRIC BODIES IN OBLIQUE FLOW. Appendix - 
BLOCKAGE CORRECTION. I.J. Campbell and R. 
G. Lewis. Gt. Brit., ARC CP 213, 1955. 27 pp. 
BIS, New York. &0.75. Derivation of pressure 
coefficients from fundamental concepts, with meas- 
urements of three varying parameters along the 
forward part of a body of revolution at various an- 
gles of incidence using ARL water-tunnel calcula- 
tions for four axially symmetric head shapes. Re- 
sults indicate the adequacy of the data for each head 
shape to determine the pressure coefficient and the 
peak suction at any point on the configurations at any 
angle of incidence. 


SUPERSONIC FLOW PAST QUASI-CYLINDRI- 
CAL BODIES OF ALMOST CIRCULAR CROSS-SEC- 
TION. D.G. Randall. Gt. Brit., RAE TN Aero. 
2404, Nov., 1955. 26 pp. 16 refs. Study based on 
linearized small-perturbation theory, with an eval- 
uation of first eleven basic functions of disturbance 
velocity potential obtained as Fourier series. Re- 
sults indicate applicability of the method to calcu- 
late flow over circular cylinder surmounted by can 
opy and to solve certain wing-body interference 
problems through an extension of results. 


THE FINAL PERIOD OF DECAY OF NON-HOMO- 
GENEOUS TURBULENCE. O.M. Phillips. Proc. 
Cambridge Philos. Soc., Jan., 1956, pp. 135--151l. 
Analysis of the motion characteristics due to a gen- 
eral localized disturbance in an infinite fluid initial- 
ly at rest, with the results applied to solve the casé 
of the final period of an axially symmetrical turbu- 
lent wake consisting generally of the superposition 
of two types of motion through a derivation of expres- 
sions for the distribution of the mean-square vorti- 
city and the energy spectrum tensor in the wake. 


TURBULENCE MEASUREMENTS IN FREESUR- 
FACE FLOW WITH AN IMPACT TUBE-PRESSURE 
TRANSDUCER COMBINATION. Appendix A - DE- 
TAILED ANALYSIS OF MECHANICAL SYSTEM OF 
GAGE 1-A. Appendix B. Appendix C - DESIGN 
AND PERFORMANCE CHARACTERISTICS OF 
GAGE WITH PIEZOELEC TRIC CERAMIC PRES - 
SURE TRANSDUCER. A.T. Ippen, R.S. Tankin, 
and F.Raichlen. MIT Hydrodynamics Lab. TR20, 
July, 1955. 96 pp. 23 refs. Results of an ONR- 
sponsored theoretical and experimental investiga- 
tion into the applicability of an impact tube in com- 
bination with a capacitance-type pressure transduc- 
er to measure mean turbulence properties, com- 
pared to those of hot-wire measurements obtained 
in air flow, with emphasis covering boundary-layer 
growth in open channel flow, the distribution of re- 
lative turbulent intensity depthwise through the flow, 
the variation of the velocity correlation coefficient 
and of the mean intensity spectrum in this direction, 
and of the characteristics of the wake of a circular 
cylinder in fully developed open-channel turbulent 
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flow, with the turbulence gage featuring a natural 
frequency of 150 cycles per sec., more than ade- 
quate for the 50 per cent of the turbulent flow ener- 
gy below 5 cycles per sec. and 90 per cent below 

30 cycles per sec. Results indicate that the gage 
design is useful to obtain reliable measurements of 
mean velocities, root mean’ square values of the 
turbulent velocity fluctuations, and scales of macro- 
turbulence. 


TWO-DIMENSIONAL SINK FLOW OF A VISCOUS, 
HEAT-CONDUCTING, COMPRESSIBLE FLUID, CY- 
LINDRICAL SHOCK WAVES. T. Yao-Tsu Wu. 

(CIT Hydrodynamics Lab. Rep. 21-16, 1954.) Quart 
Appl. Math., Jan., 1956, pp. 393-418. 13 refs. 
ONR-sponsored investigation of the problem of 
steady, cylindrical sink- or source-type flow, ap- 
plying the Navier-Stokes equations for a viscous, 
heat-conducting perfect gas, under simplified as- 
sumptions, to obtain solutions for the case of a large 
Reynolds Number and to develop an analytical tech- 
nique based on the Poincaré-Lighthill-Kuo (PLK) 
method for transonic and supersonic regions, taking 
into account the effects of entropy and viscosity cod- 
ficient variations of the fluid. 


Internal Flow 


THE EFFECT OF CHARACTER OF SURFACE 
ROUGHNESS ON VELOCITY DISTRIBUTION AND 
BOUNDARY RESISTANCE. H.H. Ambrose. U. 
Tenn. Dept. Civ. Eng., Final Rep. ONR-sponsor- 
ed experimental investigation of turbulent flow 
through pipes with cylindrical depressions or pro- 
jections as roughness elements, with results indi- 
cating: that the fully developed effect of depression 
roughness produces skimming flow with the in - 
crease in resistance coefficient over that of a 
smooth pipe proportional to the per cent of the de- 
pressed surface area but independent of the size 
and distribution of the depressions and with the 
transition dependent on the relative depth and the 
per cent of surface area; that projections of nomare 
than 40 per cent surface area produce isolated- 
roughness or wake-interference flow depending on 
the relative proximity of the elements; and that the 
logarithmic velocity distribution applies to all types 
of turbulent flow in pipes for given wall distance 
values, taking into account the von Karman Number. 


EFFECT OF TRANSVERSE BODY FORCE ON 
CHANNEL FLOW WITH SMALL HEAT ADDITION. 
Simon Ostrach and F.K. Moore. US, NACA TN 
3594, Feb., 1956. 3l pp. Analysis of the steady, 
compressible, inviscid channel flow subject to a 
transverse body force with heat addition at a cross- 
sectional plane and dependent on Mach and Froude 
Numbers anda dimensionless heat parameter ap- 
plied to the case of flow in a rotor-tip combustor 
of a helicopter ram jet. Results indicate that for 
small Mach Numbers and uniform heat addition the 
flow is displaced in the direction of the body force 
with the velocity profile of uniform shear; and that 
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a nonuniform heat addition in the cross-sectional 
plane leads to the superposition of strong vortex 
motions on the shear flow. 


SOME EXPERIMENTS ON THE SECONDARY 
FLOW IN PIPE BENDS. J.H. Horlock. Proc. 
Royal Soc. (London), Ser. A, Feb. 21, 1956, pp. 


335-346. Analysis, under the assumption of a sine 
curve for the center line of the bend, of the genera] 
behavior of the flow, solved as a nonlinear differe, 
tial equation, with a variety of solutions obtained 
for different entry conditions and compared withe,x 
perimental data. Test results indicate that high ve. 
locities are producable by the continual reversal of 
the radius curvature in bends. 


FORMULAE AND DIAGRAMS FOR THE CALCu. 
LATION OF OPEN IMPELLER CENTRIFUGAL 
PUMPS. U.M. Barske. Gt. Brit., RAE TN RPD 
127, Sept., 1955. 18 pp. Includes design, charts, 
and procedures to determine main dimension of the 
pump in terms of performance requirements for 
specialized applications, with data on impeller dis. 
friction losses for liquids over a wide range of phy: 
ical properties. 


— 


AN INVESTIGATION OF THE FLUTTER CHAR. 
ACTERISTICS OF COMPRESSOR AND TURBINE 
BLADE SYSTEMS. Chi-Teh Wang, Frank Lane, 
and R.J. Vaccaro. J. Aero. Sci., Apr., 1956, pp, 
335-344. WADC-sponsored investigations at NYU 
of different multiblade cascade systems in incom- ) 
pressible flow at low incidence. Analysis includes 
a development of a flutter mechanism with two de- 
grees of freedom designed and constructed to test 
two-dimensional cascades at low speeds; and acom 
parison between experimental and theoretical find- 
ings. Results indicate that in the hypothetical trea 
ment of fluttering blade systems the prohibitively | 
large number of the degrees of freedom required 
for the analysis may be reduced greatly by recog- 
nizing the existance of a single equivalent blade to | 
permit the actual carrying out of the flutter calcu- 


lation, as for unstaggered cascades when fluttero 
curs with adjacent blades oscillating 180 degrees } 
out of phase, in confirmation of the Lilley experi- | 
mental observations, and for staggered cascadesé 
complete change of the blade flutter mode from 4 

predominant bending to a predominant torsion oc: | 
curring from a very small change in blade inertial | 
properties. 


PRELIMINARY INVESTIGATION OF A FAMILY} 
OF DIFFUSERS DESIGNED FOR NEAR SONIC IN- | 
LET VELOCITIES. Appendix - FLOW UNIFORM: 
TY. Richard Scherrer and W.E. Anderson. US, 
NACA TN 3668, Feb., 1956. 43 pp. 16 refs. Test 
on a series of diffuser shapes defined by empirical 
equations having constants related to the initial 
boundary-layer thickness through the mass-flow | 
range with a variety of attached and separated ini: | 
tial boundary layers, and on offset ducts with dif- 
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ferent surface conditions. Results indicate that in 
the nonuniform entry flow the extension of the entry 
Jength produces better pressure recovery and more 
steady and uniform flow at the duct exit station; that 
the initial slope must be zero near sonic entry con- 
ditions for the duct contour with or without bounda- 
} ty-layer compensation to have low initial pressure 
gradients; that the empirical interrelationship of 

the parameter and the maximum divergence angle 
provides high pressure recovery and steady uniform 
| low at high mass-flow ratios under a thin initial 
boundary layer; and that the largest losses occur 
with air leakage into the duct near the entry. 


THE EFFECT OF VISCOSITY UPON THE CRITI- 
| CAL FLOW OF A LIQUID THROUGH A CONSTRIC- 
TION. A.M. Binnie. Quart. J. Mech. & Appl. 
Math., Dec., 1955, pp. 394-414. Analysis of the 
motions of a viscous liquid under gravity, as over 
a broad-crested weir, with swirl subjected to pres- 
sure through a convergent-divergent nozzle under 
the assumption of a whole discharge passing through 
alaminar boundary layer neglecting the inlet length, 
of gradual constrictions, of favorable pressure gra- 
dients in the direction of streaming, and of polyno- 
mial form for the velocity distributions over the 
cross-sections. Includes calculation of first order 
differential equations satisfying the momentum in- 
tegral equations indicating that the motion is criti- 
cal not requiring the specification of the arbitrary 
inlet conditions, and that a long wave of small am- 
plitude may be maintained stationary on the moving 
liquid at the critical cross-sections. 


SOME TESTS ON THE SPREAD OF VELOCITY 
INA COLD JET DISCHARGING WITH EXCESS 
PRESSURE FROM A SONIC EXIT INTO STILL AIR 
J. Seddon and L. Haverty. Gt. Brit., RAE TN 
Aero. 2400, Nov., 1955. 16 pp. Experiments inthe 
range of 40--200 diameters from the exit at jet pres 
sure ratios (outside static pressure divided by jet 
total pressure) between 0.479--0.042, correspond 
ing to isentropic Mach Numbers of 1.08--2.72. Re 
sults indicate no great difference in the rates of 


| spread for a supersonic jet compared to that of a 


subsonic one, with the effective exit of an under-ex- 

panded jet displaced some distance downstream of 

the actual exit, and for a jet of isentropic Mach 
Number 1.51, the effective exit position is about 
eight diameters downstream and the half-velocity 

circles lie on a cone of semi-angle 5, 7° from the 
center of the effective exit. 


Wings and Airfoils 


THE CALCULATION OF THE SPANWISE LOAD- 
ING OF SWEPTBACK WINGS WITH FLAPS ORALL 
“MOVING TIPS AT SUBSONIC SPEEDS. G.G. Breb 
nerand D.A. Lemaire. Gt. Brit., RAE Rep. Aero 
2553, Sept., 1955. 54 pp. 18 refs. Analysis of re- 
sults of Duquenne and Grandjean electric tank tests 
on 45° sweptback wings with trailing edge flaps to 
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develop a method for the calculation of the spanwise 
loading in terms of the effect of sweep on the equi- 
valent incidence of a section with flap, on the down- 
wash factor, and on the spanwise loading distribu- 
tion with an incidence discontinuity. Includes acom 
putation of interpolation furmulae extending the re- 
sults to wings of any sweep and flap span and acom- 
parison of Thomas and Mangler results to the case 
of a wing with all-moving tip control. 


DYNAMIC DERIVATIVES IN YAW AND SIDE - 
SLIP OF THIN WINGS AT SUPERSONIC SPEEDS. 
1 - THE CURVED FLIGHT PATH, ZERO RATE OF 
CHANGE OF SIDESLIP. II - THE STRAIGHT 
FLIGHT PATH, RATE OF CHANGE OF SIDESLIP 
EQUALS RATE OF YAW. III - RATE OF CHANGE 
OF SIDESLIP AND YAW - A COMPARISON. T.R. 
Goodman. J. Aero. Sci., Apr., 1956, pp. 357-37. 
10 refs. WADC-supported investigation at the CAL 
Flight Res. Dept. to determine stability parameters 
through a three-dimensional approach for a large 
variety of wings, with special emphasis on the mo- 
tions of the rate of change of yaw and the rate of 
change of sideslip requiring the introduction of the 
characteristic parameter into the defining differen- 
tial equation and boundary condition simultaneously, 
taking into account the rotationally induced side - 
wash and backwash on the wing, the orientation of 
the leading edge with respect to the free-stream ve- 
locity vector changing from instant to instant, and 
the boundary condition at the foremost surface of 
discontinuity. 


THE FLOW AROUND ASUPERSONIC AEROFOIL. 
J.J. Mahony and P.R. Skeat. Australia, ARL AN 
147, Oct., 1955. 15 pp. Derivation of an approxi- 
mate solution for the pressure distribution in rota- 
tional supersonic flow of a perfect inviscid gas 
about a two-dimensional sharp-nosed biconvex air- 
foil with a ten per cent thickness ratio, neglecting 
the second order entropy changes across the shock 
waves, with a comparison to the simple shock-ex- 
pansion theory, and with provisions for the error 
estimation for increasing Mach Numbers. 


WING-BODY COMBINATIONS WITH CERTAIN 
GEOMETRIC RESTRAINTS HAVING LOW ZERO- 
LIFT WAVE DRAG AT LOW SUPERSONIC MACH 
NUMBERS. Harvard Lomax. US, NACA TN 3667, 
Feb., 1956. 32 pp. 10 refs. Analysis of variation 
al problems involving several configurations in 
terms of requirements for minimum-wave drag, 
with emphasis on the effects of shortening the fuse- 
lage and of fixing the fuselage diameter at several 
points for the specific cases of wings centrally 
mounted on slender quasi-cylinders in terms of 
shortening the fuselage andof constrained fuselage 
areas; and wings centrally mounted on slender 
closed bodies of revolution in terms of unlimited 
indentation length and fixed volume, limited inden- 
tation length on a Sears-Haack body with fixed vol- 
ume, and limited indentation on arbitrary bodies 
with fixed diameter and volume. 
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AEROELASTICITY 


AEROELASTIC NUMBER. S. Neumark, A.S. 
Taylor, andH.H.B.M. Thomas. Gt. Brit., RAE 
TN Aero. 2389, Aug., 1955. ll pp. Proposed de- 
velopment of a nondimensional parameter () pro- 
portional to true air speed and air density related 
to flight conditions and involving the elastic charac- 
teristics of an airframe to be used in conjunction 
with Mach and Reynolds Numbers to obtain an ex- 
pression for the static margin (K,) of an aircraftin 
the case where aerodynamic coefficients are depend 
ent on speed through compressibility, viscosity, 
and aeroelastic distortion effects and the maneuver 
margin and other stability and control criteria are 
taken into account. 


‘GUST-LOAD AND AIRSPEED DATA FROM ONE 
TYPE OF TWO-ENGINE AIRPLANE ON SIX CIVIL 
AIRLINE ROUTES FROM 1947 TO 1955. Appendix 

- DETAILS OF METHOD OF EVALUATION AND 
ANALYSIS OF RECORDS. W.G. Walker. US, 
NACA TN 3621, Feb., 1956. 25 pp. ii refs. Re- 
sults indicate general agreement with the findings 
of previous studies for similar aircraft from V-G 
data analyzed in terms of gust-loads, and operating 
speeds, with potential application to routine opera- 
tions in conjunction with time-history data (VGH). 


PRELIMINARY EXPERIMENTS ON THE SIMU- 
LATION OF GUSTS IN A WIND TUNNEL. A.M. 
Kuethe, J.D. Schetzer, L.C. Garby, and R.L. 
Roensch. USAF TN 55-64, Mar., 1955. 46 pp. 40 
refs. Analytical evaluation of the relative merits of 
techniques for generating reproducible gusts ina 
wind tunnel applying the aerodynamic lift-lag theory, 


with measurements for the moving-bump and vortex: 


type gust generators of the dynamic increment of 
lift separated from the quasi-steady values for a 
two-dimensional airfoil, as compared to theoretical 
data, and with details of a larger-scale gust-gener 
ator model under construction at the U. of Mich. 


SPRING TAB FLUTTER. I - A THEORETICAL 
INVESTIGATION ON WING-AILERON-TAB FLUT- 
TER. Appendix I - DIMENSIONS, DISTORTION 
MODES, AND ELASTIC STIFFNESSES OF AERO- 
PLANES. Appendix Il - INERTIAL COEFFICIENTS 
Appendix III - AIR-LOAD COEFFICIENTS. R.A. 
Frazer and W.P. Jones. II - EXPERIMENTS ON 
BINARY AILERON-TAB FLUTTER. Appendix - 
THE POSITION OF THE NEUTRAL POINT FOR AN 
OFFSET BALANCING ARM. C. Scruton, J. Wil- 
liams, and C.J.W. Miles. Gt. Brit., ARC R&M 
2592 (July, 1942), 1955. 95 pp. BIS, New York. 
$5.75. Development of general rules for spring tab 
design to eliminate the flutter phenomena. Includes 
numerical applicationto two representative types of 
spring tabs using stability diagrams, with analytical 
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and graphical methods based on the vortex stripth, 
ory, and with calculated binary flutter characteri,. 
tics of a particular wing system. 


TABULATION OF THE f, FUNCTIONS WHICH 
OCCUR IN THE AERODYNAMIC THEORY OF Os. 
CILLATING WINGS IN SUPERSONIC FLOW. Ven 
Huckel. US, NACA TN 3606, Feb., 1956. 59 pp, 
12 refs. Specific values of the parameters A, M, 
and K tabulating fyand extending the use of the Vay 
Borbély's recursion formula to obtain f, satisfacto. 
rily for at least ,= 13 or 14. Results indicate the 
convenience of intervals with respect to the Mach 
1.2--5 range covering a fairly wide range of re - } 
duced frequencies at small intervals for general a 
plication; and the considerably higher values of 
arising in flexible rather than in rigid wings. 


AERONAUTICS, GENERAL 


IAS 24TH ANNUAL MEETING, NEW YORK, JA\ 
23-26, 1956: SUMMARY OF TECHNICAL SESSION 
Aero. Eng. Rev., Apr., 1956, pp. 42-47, 88-126, } 
Contents: Aerodynamics, PartI, H.T. Luskin. 
Aerodynamics, Part II, F.H. Clauser. Aeroelast} 
city, M.A. Biot. Aeronautical Engineering Educa-| 
tion, J.W. Hoover. Air Space Use, J.F. Taylor, 
Jr. Air Transport, H.D. Hoekstra. Aircraft De- 
sign, R.G. Bowman. Aircraft Noise, William Lit 
tlewood. Earth Satellites, Paul Rosemberg. Ele. 
tronics, H.G. Stever. Engineering Management 
Philosophies, E.A. Leeden. Flight Safety and Ta} 
ing, Jerome Lederer. Guided Missiles, M.C. De 
ler. Helicopter Dynamics, A.H. Flax. Helicopter 
Test and Development, N.M. Stefano, Hypersonics 
Arthur Kantrowitz. Instruments, C.F. Savage. 
Internal Flow in Jet Engines, Abe Silverstein. Me 
teorology, A.F. Merewether. Rocket Propulsion, } 
D.F. Ferris. Structures, Walter Ramberg. Ther 
mal Stress Analysis, George Gerard. VTOL Air- } 
craft, W.C. Fortune. 


) 


AIR TRANSPORTATION 


THE ECONOMICS OF LARGE AIRCRAFT. Gre} 
ver Loening. Aero. Eng. Rev., Apr., 1956, pp. 
48-55. Relative efficiency, feasibility, and poten- 
tialities of large-scale use of transports for carry| 
ing bombers, fighters, and bulk cargo by air evalt 
ated in terms of fundamental economics and design 
parameters and related aerodynamic, fuel, and pi- 
loting factors applied to high-speed aircraft. 


AIRPLANE DESIGN | 


) 


COMPARISON OF LANDING-IMPACT VELOC ) 
TIES OF FIRST AND SECOND WHEEL TO CON- 
TACT FROM STATISTICAL MEASUREMENTS OF 
TRANSPORT AIRPLANE LANDINGS. E.N. Hart 


uS, NAC. 
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US, NACA TN 3610, Feb., 1956. 22 pp. Study of 
landing velocities, taking into account the effects of 
gusts, rolling direction, and number of engines. 
Results indicate the greater vertical velocity for 

the second wheel than the first wheel to contact, 
gusty winds increase the vertical velocities for both 
wheels, and that the effect of the direction of rol- 
ling increases the probability of exceeding a given 
high value of vertical velocity for the wheel toward 
which the airplane rolls just prior to initialimpact. 


SUMMARY OF SCALE-MODEL THRUST-RE - 
VERSER INVESTIGATION. J.H. Povolny, F.W. 
Steffen, and J.G. McArdle. US, NACA TN 3664, 
Feb., 1956. 49 pp. Study of the relative perform- 
ance efficiency, other characteristics, and potentia 
lities for aircraft control purposes of target, tail- 
pipe cascade, and ring cascade types, taking into 
account the effects of design variables and reversed 
-flow boundaries along with thrust-modulation para- 
meters. Results indicate that the lip and endplate 
angles and target frontal area are the most signifi- 
cant geometric variables affecting target-type re- 
verser performance; that for the tail-pipe-cascade 
type, cascade blade design, cascade length-towidth 
ratio, and external cascade doors have considera- 
ble effect on the reverse-thrust ratio at which the 
reversed flow attaches to the cowl; that the per- 
formance of the ring-cascade reverser is very sem 
sitive to ring shape and spacing; and that all types 
have satisfactory thrust-modulation characteristics 
providing reverse-thrust ratios of over 40 percent, 
with the selection basis determined as being mainly 
installation convenience. 


ELECTRONICS 


AERIAL SYSTEMS FOR AIRCRAFT. R.A. Bur- 
berry. J. RAeS, Feb., 1956, pp. 101-113. Analy- 
sis of antenna design problems and procedures, in- 
cluding: fundamental operational classification by 
frequency ranges; electrical criteria based on radi- 
ation pattern, impedance, and gain factors applied 
to the dipole, loop, slot, and suppressed HF, VHF, 
and SHF types; flight test data, taking into account 
aerodynamic forces, vibration loads, thermal ef- 
fects, and other mechanical aspects, and the effect 
of adjacent structures on aerial performance; and 
material requirements such as tensile strength and 
fatigue resistance of metals, electrical properties 


of insulators, and high-temperature characteristics 
of laminates. 


AN EVALUATION OF HIGH FREQUENCY AN - 
TENNAS FOR A LARGE JET AIRPLANE. O.C. 
Boileau, Jr. IRE Trans., ANE Ser., Mar., 1956, 
pp. 28-32. Performance comparison of five HF 
communication antenna configurations, with the im- 
pedance versus frequency characteristics explored 


Over the 2--24 mc. range in terms of efficiency pa- 
Tameters. 
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THE PRACTICAL COMBINATION OF AIR NAVI 
GATION TECHNIQUES. H.J. Galbraith and N. Bra- 
verman. IRE Trans., ANE Ser., Mar., 1956, pp. 
3-10. Recommendations to combine the reliability 
and continuity of dead-reckoning with intermittent 
"fixing" by use of accurate position data from ground 
and stellar referenced sources to increase opera- 
tional capability and dependability, with an evalua- 
tion of methods of incerting position fixed and in- 
strumentation of the associated wind-computation 
and wind-memory functions, and with provisions 
for corrections of system errors, taking into ac- 
count weight reduction objectives. 


RELIABILITY THROUGH REDUNDANCY. R.H. 
Hershey. IRE Trans., ANE Ser., Mar., 1956, pp. 
16-20. Probability principles applied to the require- 
ments of automaticity in complex airborne electron- 
ic systems, with the results of an analysis of a typ- 
ical system used to develop a method minimizing 
failure on the basis of optimum design criteria re- 
lated to the redundancy parameter. 


SOME ELECTRICAL AND ELECTRONIC CIR- 
CUITS IN FLIGHT TEST INSTRUMENTATION. G. 
E. Bennett. Gt. Brit., RAE TN Instn.149, Sept., 
1955. 49 pp. 27 refs. Analysis of the output modi- 
fying operations of such types of electromechanical 
transducers as: electromagnetic generator, piezo- 
electric, and variable resistance, inductance, and 
capacitance transducers covering the conversion of 
the transducer output into a voltage or current, the 
combination of two or more outputs, amplification, 
removal of unwanted frequencies, integration and 
differentiation, the extension of the frequency range 
of the transducer, and the derivation of rates of 
change and time integrals. 


EQUIPMENT 


DEVELOPMENT OF R.A.E. AIR AND OIL 
CHARGING VALVE. I.J. Vaughan. Gt. Brit., RAE 
.TN Mech. Eng. 195, 1955. 19 pp. Design for use in 
hydraulic and pneumatic systems as a replacement 
for the A.G.S. 1200 inflation valve at pressures up 
to 4000 psi, with an analysis of test results at vari- 
ous temperatures and pressures taking into account 
requirements of materials and production methods. 


FLIGHT TESTING 


ENGINEERING ASPECTS OF TEST FLYING. I, 
ll. P. Brown and C.F. Bethwaite. J. SLAE, Jan., 
1956, pp. 3 16. Includes analyses of such prob- 
lems and their causes as instrumentation; cable 
provisions; airframe and equipment defects affect- 
ing the fuel, hydraulic, pneumatic, electric, and 
air pressurization systems and the flight controls, 
brakes, and power plants; prototype development 
and trials; ground servicing; methods for ascertain- 
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ing flying qualities; structural testing; and the prob 
ability basis of accessory systems failures. 


FUELS AND LUBRICANTS 


EFFECT OF DISSOLVED OXYGEN ON THE FIL- 
TERABILITY OF JET FUELS FOR TEMPERA- 
TURES BETWEEN 300° AND 400° F. A.B. Mc- 
Keown and R.R. Hibbard. US, NACA RM E55128, 
Dec. 28, 1955. 22 pp. 10 refs. Testson JP-4 and 
JP-5 fuels in a bench-scale rig using filter paper 
as the filter medium, with the fuel residence time 
at high temperatures of approximately 6 sec., with 
the results indicating that the clogging characteris- 
tics of fuels increase with the increasing tempera- 
ture and the dissolved oxygen concentration; and 
that the amount of insoluble material formed athigh 
temperatures necessary to produce clogging of filt- 
ers is of the order of 1 milligram per gallon of fuel 


EVAPORATION OF JP-5 FUEL SPRAYS IN AIR 
STREAMS. Appendix - CALCULATION OF FUEL- 
SPRAY EVAPORATION. H.H. Foster and R.D. In- 
gebo. US, NACA RM E55K02, Feb. 21, 1956. 26 
pp. Investigation using a sampling-probe technique 
to determine percentage of evaporation of a low-vol- 
atility fuel under conditions common in ram-jet en 
gines, with the fuel injected contrastream from a 
multiple-orifice injector into an Inconel pipe with 
preheated air passing through it. Analysis includes 
a derivation of an expression for the evaporation in 
terms of the difference in air and wet-bulb temper- 
tures of the fuel drops, downstream distance be- 
tween injector and sampler, fuel injection velocity, 
and the air velocity. 


THERMAL STRESSES IN SOLID PROPELLANT 
GRAINS. R.D. Geckler.’ Jet Propulsion, Feb., 
1956, pp. 93-97. Development of a computational 
method based on a first approximation obtained fram 
the analytical solution assuming Young's modulus 
as being independent of temperature, and then find- 
ing a more accurate solution by numerical integra- 
tion taking into account variations of the Young mod 
ulus with temperature. 


AUTOCORRELATION ANALYSIS OF THE SLID- 
ING PROCESS. Ernest Rabinowicz. J. Appl. Phys. 
Feb., 1956, pp. 131-135. 14 refs. ONR-supported 
investigation in the MIT Lubrication Lab. to deter- 
mine experimentally sliding friction phenomena of 
junctions using statistical methods, with the fric- 
tion force producing strain-gage measured deflec- 
tions permanently registered on a Sanborn recorder 
Includes calculations comparing the instantaneous 
value of the friction force to that of previous esti- 
mates under the assumption that the asperities are 
circular cones of different shear strengths in con- 
tact with other similar cones over a flat region of 
contact, and with friction traces developed using 
apparatus having stationary spherically ended rider 
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of one material and flat, slowly moving plate of Lewis anc 
another. 1956. 27 
patterns Cc 
py calculz 
FRICTION STUDIES OF GRAPHITE AND MIX. | jownstrez 
TURES OF GRAPHITE WITH SEVERAL METAL | pressed ii 
LIC OXIDES AND SALTS AT TEMPERATURES To | ind solve 
1000°F. Marshall B. Peterson and R.L. Johnson, |alyzer- 4 
US, NACA TN 3657, Feb., 1956. 16 pp. 13 refs. | lection ef: 
Results of an experimental investigation on various | tating-dis 
steel specimens and Inconel combinations using so}. | bars for : 
id lubricants to reduce friction and wear between icing winc 
moving metal surfaces at high temperatures indi- 
cating individual lubricant properties of mixtures 
over various temperature ranges in terms of oxida. IMPIN 
tion of the metal surfaces, taking into account the FOILS. . 
residual moisture of salts, with a comparison to ae 
those of resin-bonded films. TION EF: 
dix - T 
SPEED O 
WEAR OF TYPICAL CARBON-BASE SLIDING N.A.C.A 
SEAL MATERIALS AT TEMPERATURES TO 700° | paughen. 
F. R.L. Johnson, M.A. Swikert, andJ.M. Bailey, Sept., 19 
US, NACA TN 3595, Feb., 1956. 22 pp. Experi- | generaliz 
mental investigation to determine the effect of tem | efficiency 
perature, type, and compositional changes in mat- | yder va: 
ing-surface materials on wear and surface failure | of publis} 
characteristics of carbon-seals. Results indicate ing collec 
that wear of carbon materials increases rapidly at | sionless 
high temperatures in relation to formation of oxide | the front: 
films on mating surfaces, that wear reduces though 
the use of chromium-plated steel as the mating sur 
face, and that in general the type of carbon and im AN O] 
pregnation of the carbon seal have little effect on | QsCcOPE 
wear as compared to that of the mating material. CONTEND 
IN FLIG! 
| Jan., 19 
ICE FORMATION AND PREVENTION tunnel, 2 
the airbc 
EFFECT OF PNEUMATIC DE-ICERS AND ICE | “™Cin8 
FORMATIONS ON AERODYNAMIC CHARACTER! | dr 
TICS OF AN AIRFOIL. D.T. Bowden. US, NAcA| Mécatin 
TN 3564, Feb., 1956. 59 pp. 13 refs. Investiga. 
tion of the performance of a pneumatic-boot me- | — . 
chanical de-icing system, with measurements of : me. 
lift, drag, and pitching moment on an NACA OOll 
airfoil equipped with two types of pneumatic de- 
icers having spanwise and chorwise inflatable tubes 
Results indicate the removal of the main part of an EF 
ice formation through boot inflation, with the ice COEFFC 
remaining after inflation of the spanwise-tube de- ' tech, J 
icer increasing the airfoil section drag 7--37 per- / ONR-sc 
cent for 0°--4. @ angle of attack over the ranges oa a 
of airspeed, total air temperature, liquid-water under a 
content, and cycle times covered; with the drag } rok ae 
increase becoming constant after a few de-icing the coef 
cycles; with drag increases due to ice remaining | original 
the chordwise-tube considered as being similar to t with an. 
those for the spanwise-tube de-icer; and with the | continuo: 
minimum airfoil drag in icing, averaged over a de when un] 


icing cycle, obtained with a short de-icing cycle. } 


IMPINGEMENT OF WATER DROPLETS ON A ON T 
RECTANGULAR HALF BODY IN A TWO-DIMEN- 
SIONAL INCOMPRESSIBLE FLOW FIELD. Williat| . 3 


of |pewis and R.J. Brun. US, NACA TN 3658, Feb., 
1956. 27 pp. 13 refs. Investigation of impingemaet 

tterns on airfoils and other aircraft components 
py calculating trajectories of water droplets in a 


X- | downstream direction, with equations of motion ex- 
ies pressed in terms of two dimensionless parameters 
TO | and solved by means of a mechanical differential an 
son, | alyzser. Application of the data to estimate the col 


s. | lection efficiency of the central portion of the ro - 


ious | tating-disc icing-rate meter and the rectangular 
sol. | bars for spray distribution measurements in an 
2n icing wind tunnel. 
di- 
es 
dda. IMPINGEMENT OF WATER DROPLETS ON AERO- 


FOILS. Appendix I - CALCULATION OF COLLEC - 
TION EFFICIENCY OF N.A.C.A. 65A008. Appen~ 
dx 2 - TO DETERMINE THE EFFECT OF AIR- 
SPEED ON THE COLLECTION EFFICIENCY OF 


IG N.A.C.A. 65A008 AEROFOIL. F.J. Bigg andJ.E 

00°  Baughen. Gt, Brit., RAE TN Mech. Eng. 28, 

iley, | Sept., 1955. 59 pp. 13 refs. Development of a 

Ti- generalized simple method to determine collection 

tem- | efficiency on airfoils at different angles of incidence 

nat- | under varying icing conditions through an analysis 

ure | of published data on water-droplet catch, consider- 

ate | ing collection efficiency as a function of a dimen- 

yat | sionless parameter, thickness-to-chord ratio, and 

xide | the frontal projected thickness of the airfoil. 

rough 

1 im AN OIL-STREAM PHOTOMICROGRAPHIC AER- 

on OSCOPE FOR OBTAINING CLOUD LIQUID-WATER 

al. CONTENT AND DROPLET SIZE DISTRIBUTIONS 
INFLIGHT. P.T. Hacker. US, NACA TN 3592, 
Jan., 1956. 36 pp. 26 refs. Development, wind- 
tunnel, and flight testing using water sprays from 
the airborne cloud aeroscope operating in icing and 

ICE nonicing conditions by capturing continuously the 

TRIS. | cloud droplets in an oil stream, with the results 

‘ACA indicating that the liquid-water content of the cloud 

a can be calculated from the geometry of the aero- 


scope, the airspeed, the oil-flow rate, and the 


Oll 

MATERIALS 

tubes 

she EFFECT OF STRESS ON THE EXPANSION 

te | COEFFCIENT. A.R. Rosenfield and B.L. Aver- 
en p bach. J. Appl. Phys., Feb., 1956, pp. 154-156. 


_ ONR-sponsored investigation at MIT using electri- 


os cal strain gages to measure expansion coefficients 
oe wder applied loading and after their removal, with 
. tesults indicating that below a certain elastic limit 
saint the coefficient increases linearly returning to the 
* a original value with the removal of the load, andthat 
-_ - with an exceeded elastic limit the coefficient is dis- 
ars Continuous without returning to the original value 
when unloaded. 

le. 

} 
ral ON THE PERMEABILITY OF POROUS MATE- 
cN- B E.C. Yates, Jr. US, NACA TN 3596, Jan 
illian 1956, 31 pp. 15 refs. Application of test results to 
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the design of area-suction installations on wings, 
flaps, inlets, and wind tunnels. Includes methods 
to calculate calibration curves under conditions of 
a nonfixed relationship between Mach and Reynolds 
Numbers and to determine the influence of choking 
of the flow following the occurrence of sonic veloci- 
ty within the pores, bending of the material, and in 
the case of wire cloth, the rolling of the material. 


Metals and Alloys 


THE COMPRESSION STRENGTH OF ALUMINI- 
UM ALLOY SHEET MATERIALS TO SPECIFICA- 
TIONS D.T.D.546B, D.T.D.646B and D. T.D.687A, 
M.J. Henwood, Gt. Brit., RAE TN Struc.176, Oct, 
1955. 22 pp. Results of compression tests on 16 
S.W.G. small rectangular sheet and bar aluminum 
alloy specimens covering the region of the stress- 
strain curve up to 0.5% Proof Stress, with calcula- 
tions of the mean compression strength and associ- 
ated tensile values, and with typical stress-strain 
and tangential curves tabulated. 


INVESTIGATION OF THE COMPRESSIVE 
STRENGTH AND CREEP LIFETIME OF 2024-T3 
ALUMINUM-ALLOY PLATES AT ELEVATED TEM- 
PERATURES. E.E. Mathauser and W.D. Deveikis. 
(US, NACA RM L55Ellb, 1955.) US, NACA TN 3552, 
Jan., 1956. 40 pp. Results of strength tests indi- 
cating the validity of the previously developed rela- 
tion for predicting plate compressive strength for 
all materials at room temperatures related to 
data on elevated-temperature ‘strength and of creep- 
lifetime presented in the form of master creep-life- 
time curves by using a time-temperature parame- 
ter. Includes a method of plate-creep failure 
stresses using the time-dependent stress-strain 
curves. 


THE CHROMIUM-RICH ALLOYS OF THE CHRO- 
MIUM-TITANIUM-TUNGSTEN SYSTEM AT 900° 
AND 1200° C. N. Ryan. Australia, ARL Rep. Met 
13, July, 1955. 14 pp. Results of metallographic 
and X-ray tests indicating that the alpha tungsten 
and the compound TiCr, in alpha chromium differ 
considerably in the limits of solid solubility at both 
temperature levels and that the three-phase field of 
alpha chromium, alpha tungsten, and TiCr, is form- 
ed by the eutectoid reaction between the three 
phases. 


Nonmetallic Materials 


PLASTICS STRUCTURES. G.C. Hulbert. J. 
RAeS, Feb., 1956, pp. 114--120. Analysis basedm 
test results of mechanical and fabricational proper 
ties of glass or asbestos fibers stabilized by phe- 
nolic, polyester, epoxide, and silicone resins in 
terms of the permanence of behavior under weather 
and environmental conditions and of fatigue, creep, 
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and temperature resistance to obtain a high degree 
of efficiency‘within defined parameters of loading, 

taking into account size, quantity, and complexity 

of structures. 


SEBALKYD DOUGHS. A.C. Cornwell. 
RAE TN Chem.1265, Oct., 1955. ll pp. Develop- 
ment of gap-filling materials to expand and harden 


in place without external heating usedto fill and seal 


inaccessible cavities at strategic points in aircraft 
structures subjected to vibration causing movements 
between sealed skins. Includes analyses of: the re- 
lative merits and potentialities and of possible mod 
ifications of the plastic foam to obtain increased 
modulus, strength, and heat resistance utilizing fi- 
brous fillers and rubbery doughs; alkyd resin re- 
quirements; and the factors of mixing techniques, 
parting agents, and surface priming. 


MATHEMATICS 


METHOD AND TABLES FOR DETERMINING THE. 


TIME RESPONSE TO A UNIT IMPULSE FROM 


FREQUENCY-RESPONSE DATA AND FOR DETER- 


MINING THE FOURIER TRANSFORM OF A FUNC- 
TION OF TIME. Appendix - NUMERICAL EVAL- 
UATION OF DUHAMEL INTEGRAL. C.R. Huss 
and J.J. Donegan. US, NACA TN 3598, Jan., 1956. 
38 pp. Simplified techniques for evaluating linear 
systems in flight-test data analysis, to determine 
the time response through the use of staircase- 
type functions having frequency intervals of such 
height that the area under each step equals that of 
the portion of the curve within the interval, and for 
the Fourier transform, fitted with constant time 
intervals. 


NAVIGATION 


THEORY OF ASTRO-NAVIGATION AND DEVEL- 
OPMENT OF EQUIPMENT UP TO 1945. 
Gt. Brit., RAE Rep. IAP.1466 (Monograph 2.5.07), 
Sept., 1955. 30 pp. Basic principles underlying 


Astro-Navigation methods, with the analysis includ 


ing: a comparative evaluation of the relative mer- 
its of the methods and those of radar techniques; 
details of the Mk.IXA automatic averaging sextant, 
the Astrograph, and the Astro-compass developed 
during World War II; and a discussion of the prob- 
lem of daylight Astro-Navigation. 


PARACHUTES 


THE EFFECT OF WATER ON THE POROSITY 
OF PARACHUTE FABRICS. Ul. J.E. Swallow. 
Brit., RAE TN Chem.1268, Oct., 1955. 11 pp. 
Measurement of the reduction of the porosity by 
blowing a mixture of water and air through cotton, 


nylon, Fortisan, and Terylene fabrics into the air- 


stream of the testing instrument under simulated 


rain conditions to confirm results obtained by pass- 


ing only air through fabrics under a layer of water 


and to determine the effects of varying pressure ex- 
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Gt. Brit, 


D. Martin, 


Gt 


erted on a fabric by wetting. Results indicate that 
for a given airflow the pressure on wet fabrics ig 

greater than on dry fabrics by an amount equal to, 
or a little greater than, the threshold pressure, 


POWER PLANTS 


A GOMPARATIVE INVESTIGATION OF A HO. 
MOGENEOUS COMBUSTION CHAMBER WITH A 
TWO-STAGE COMBUSTION CHAMBER. E.A. De. | 
Zubay. Jet Propulsion, Feb., 1956, pp. 77--80, 
97. Performance analysis of idealized systems 
with fuel and air reacting chemically in a single, 
thoroughly mixed, constant flow combustion cham 
ber and with fuel reacting initially in one chamber 
with only a fraction of the total air and an addition 
of the remaining air completing the reaction ina 
separate chamber, under the assumption that the 
mixing in both reactors is instantaneous and that 
the intermediate mixing zone is infinitesimally 
small. Calculations include an evaluation of the 
maximum fuel rate, values of temperature and com 
bustion fractions, and the variation of heat release | 
with combustion efficiency. 


EXPERIMENTAL AND CALCULATED TEMPER.- 
ATURE AND MASS HISTORIES OF VAPORIZING 
FUEL DROPS. Appendix A - THEORETICAL CAL- | 
CULATION FOR UNSTEADY STATE WITH FINITE 
LIQUID THERMAL CONDUCTIVITY. Appendix B- 
THEORY OF SIMULTANEOUS MASS TRANSFER 
AND HEAT TRANSFER. Appendix C - CALCULA- 
TION FOR LIFETIME OF A VAPORIZING DROP 
UNDER DIFFERENT AIR VELOCITIES. M.M. El 
Wakil, R.J. Priem, H.J. Brikowski, P.S. Myers, 
and O.A. Uyehara. US, NACA TN 3490, Jan. ,1956 
82 pp. 20 refs. Application of test results toana- | 
lyze jet-engine fuel intake and combustion problems 
indicating under the assumption of infinite thermal 
conductivity the unsteady state or time required for 
the drop to reach the wet-bulb temperature interm 
of an appreciable amount of total vaporization time 
and of the validity of the circulation inside the drop | 
confirming the need for correction factors for heat 
transfer and unidirectional diffusion to express the 
effect of mass transfer. Analysis includes: calcr 
lations using different heat transfer correlations, 
with the value of the diffusion coefficient showing 
the biggest variation, and applying those of Ranz 
and Marshall having the highest computed value of | 
the coefficient to develop curves in reasonable 
agreement with experimental ones; an evaluation 
of the effect and extent of heat transfer down the 
thermocouple wires supporting the drop; and mea* 
urements of temperature histories of the vaporizig 
drops of binary mixtures and of fuels vaporizing at | 
such high temperatures to cause burning. 


FLAME SPREADING FROM BAFFLES. R.J. Pe 
trein, J.P. Longwell, and M.A. Weiss. Jet Pro- 
pulsion, Feb., 1956, pp. 81-86, 97. 16 refs. } 
NAVORD-supported experimental study of the prob 
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Jem in two-dimensional turbulent ducted flow, with 
measurements of combustion efficiency, pressure 
effects related to turbulence,and fuel vaporization, 
taking into account the approach velocity, tailpipe 

length, baffle size, spacing and blockage, and duct 


| size and indicating a transitional region in the 


flame stabilizing mechanism. 


PERFORMANCE CHARACTERISTICS OF CYLIN- 


| pRICAL TARGET-THRUST REVERSERS. F.W. 


Steffen and J.G. McArdle. US, NACA RM E55129, 
Jan. 11, 1956. 40 pp. Test results indicating that the 
reverse-thrust performance is affected by the re- 
yerser frontal area, lip angle, and end-plate angle 
and depth; that the spacing required for unrestrict- 
ed nozzle flow is influenced by the frontal area, re- 
yerser depth, lip and end-plate angles; that for re- 
verse-thrust ratio greater than 64 per cent the re- 
versed flow attaches to the 7° cowl in quiescent air; 
that the swept-type cylindrical reversers are gen- 
erally unstable; and that the thrust-modulation char 


| acteristics of a cylindrical target-type thrust re- 


verser are satisfactory. 


PRODUCTION 


THE APPLICATION OF NONDESTRUCTIVE 
TESTING BY A MANUFACTURER OF MILITARY 
AIRCRAFT. W.J. Maloney, Jr. Aero. Eng. Rev., 
Apr., 1956, pp. 76-84. Appraisal of the relative 
merits of the Fairchild quality control program to 
detect defects in parts and materials evaluated in 
terms of typical military requirements, using radi-~ 
ographic, penetrant, ultrasonic, and magnetic par 
ticle inspection techniques and spectrometers, me 


| chanical impedance and hardness testers, metal 


comparators, magnegages, and magnatests tomeas 
ure physical properties. 


ROTATING WING AIRCRAFT 


ANALYTICAL DETERMINATION OF THE NAT- 
URAL COUPLED FREQUENCIES OF TANDEM HEL- 
ICOPTERS. Appendix. -- PROCEDURE FOR RE- 
DUCING THE ORDER OF THE MATRIX EQUATDN. 
G.W. Brooks. IAS 24th Annual Meeting, New York, 
Jan. 23--26, 1956, Preprint 620. 18 pp. Members, 
$0.50; nonmembers, $0.85. Development of a meh 
od using the Lagrange dynamical equations for free 
vibration covering such degrees of freedom as trans 
lation, pitching and bending of the fuselage; transla- 
tion, flapping and bending of the blades; and trans- 
lation of the engine, with the elements of the deter- 
minant of the matrix equation including the natural 
frequencies, mode shapes,and mass distributions 
of the uncoupled components of the helicopter. Re- 
sults indicate that for a particular type the coupled 
frequencies vary with rotor speed as related to the 
effect of changes in the structural properties of in- 
dividual helicopter components. 
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CHARTS FOR ESTIMATING ROTOR-BLADE 
FLAPPING MOTION OF HIGH-PERFORMANCE 
HELICOPTERS. R.J. Tapscott and Alfred Gessow. 
US, NACA TN 3616, Mar., 1956. 19 pp. Theoreti- 
cally derived charts, applicable to flight conditions 
involving high inflow velocities and large regions of 
reversed velocity, to calculate directly steady-state, 
first- and second-harmonic flapping coefficients for 
rotors having hinged rectangular blades with a line- 
ar twist of 0° -8°, and -16° analyzed for combina- 
tions of inflow ratio to blade pitch angle at tip-speed 
ratios of .05 to 0,50. Theoretical basis excludes 
small angle assumptions for blade-section inflow 
angles and velocities as well as stall or compres- 
sibility effect except for an approximate allowance 
for stall in the reversed-velocity region. 


A COMPARISON OF THE CALCULATED AND 
OBSERVED FLUTTER CHARACTERISTICS OF A 
HELICOPTER ROTOR BLADE HAVING BOTH CON- 
TROL SYSTEM AND BLADE FLEXIBILITY. Appe- 
dix A-- SOLUTION FOR THE FLUTTER SPEED 
AND THE FLUTTER FREQUENCY. Appendix B - 
NUMERICAL EVALUATION OF THE COEFFIGENIS 
OF THE FLUTTER EQUATIONS FOR THE TEST 
BLADES. Appendix C - TYPICAL NUMERICAL 
SOLUTION (CONFIGURATION #3). Leonard Goland 
and A.A. Perlmutter. Princeton U. Dept. Aero. 
Eng. Rep. 333, Dec., 1955. 35 pp. Development 
of an analytical method to determine the rotor blade 
behavior in hovering flight using a Rayleigh-type ap- 
proach based on an accurate determination of the 
aerodynamic center location, torsional frequency, 
and the effective slope of the lift curve of the blade 
and on the effects of unsteady aerodynamics. In- 
cludes calculations of the effect of mass distribu- 
tion with constant control stiffness, with results 
similar to those of the NACA fixed-wing flutter the- 
oretical predictions indicating a slight reduction of 
the rotor speed at flutter due to the increase of the 
tip-speed ratio, and the influence of calculated pa- 
rameters on the predicted values. 


AN INVESTIGATION OF HELICOPTER DESCENT 
AND LANDING CHARACTERISTICS FOLLOWING 
POWER FAILURE. E.F. Katzenberger and M.J. 
Rich. J. Aero. Sci., Apr., 1956, pp. 345-356. 
Analysis in terms of time histories of the descent 
velocity following partial or complete power failure 
for the critical case of vertical take-off, with a de- 
termination of the time rate of change of descent ve- 
locity and velocity at ground contact using pilot con 
trol inputs representative of pilot capabilities and 
helicopter characteristics representative of currem | 
designs. Includes a treatment of the special case 
of steady-state autorotative descent and landing; and 
a derivation of an index comparing designs as toau- 
torotative landing capabilities. 


INVESTIGATION OF THE PROPULSIVE CHAR- 
ACTERISTICS OF A HELICOPTER-TYPE PULSE- 
JET ENGINE OVER A RANGE OF MACH NUMBERS 
AND ANGLE OF YAW. P.J. Carpenter, J.P. Shi- 
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vers, and E.E. Lee, Jr. US, NACA TN 3625, Jan, 
1956. 24 pp. Tests in the Langley 16 ft. transonic 
tunnel on engines mounted on a simulated helicopter 
rotor blade at Mach Numbers of 0.25 and of 0.3-- 
0.6 and at yaw angles of 0°, 10°, and 20°. Results 
indicate that the maximum engine propulsive thrust 
is of approximately 1 lb. per sq. in. of frontal 
area up to 0.45 Mach Number and at Mach 0.5 and 
0.6 it decreases to 0.94 and 0.73 lb. per sq. 
in. ; that the minimum specific fuel consumption of 
5.3 lb. of fuel per hour per h.p. occurs between 
0.4 and 0.5 Mach Numbers; that the yaw angles have 
little effect on the engine propulsive characteristics; 
and that a comparison of whirling and nonwhirling 
data show significant performance losses due to 


whirling above centrifugal accelerations of about 
200 g. 


A TWO-DIMENSIONAL APPROXIMATION TO 
THE UNSTEADY AERODYNAMICS OF ROTARY 
WINGS. Appendix A - INFLUENCE OF BLADES 
OTHER THAN THE REFERENCE BLADE. R.G. 
Loewy. LAS 24th Annual Meeting, New York, Jan., 
23 —26, 1956, Preprint 605. 3lpp. 23 refs. Mem- 
bers, $0.65; nonmembers, $1.00, Theoretical in- 
vestigation, taking into account the shed vorticity 
beneath the plane of the rotor disc, includes the ef- 
fect of inlow ratio, number of blades in the rotor, 
shaping between the motion of adjacent blades, and 
the ratio of oscillatory to rotational frequency. In- 
cludes calculations of the blade lift and moment in 
a rotor with an arbitrary number of blades of arbi- 
trary motion phase using the coefficients of an equiv- 
alent single-bladed rotor; of single-degree-of-free- 
dom flutter in pitching motions at low inflow and of 
damping over a range of ratios of oscillatory to ro- 
tational frequency as a function of the pitch axis lo- 
cation. Results indicate the difference in the inflow 
values of a rotary wing as compared to those of fix 
ed wings. 


SPACE: TRAVEL 


-ROCKET AND SATELLITE STUDIES DURING 
THE IGY. Joseph Kaplan. Aero. Eng. Rev., Apr., 
1956, pp. 64-67. Appraisal of problems, trends, 
and practical progress in the techniques of upper- 
atmospheric research stages leading to American 
participation in a world-wide earth satellite pro- 
gram, with a description of present plans and or- 
ganizations. 


STRUCTURES 


ANALYSIS OF FRAMEWORKS IN THE PRES- 
ENCE OF STEADY CREEP. P.G. Hodge, Jr. and 
B. Venkatraman. Polytech.Inst. Bklyn. Dept. Aero. 
Eng. & Appl. Mech., PIBAL Rep. 333, Nov., 1955 
29 pp. ll refs. Experimental investigation of the 
problem using methods based on principles of mini- 
mum potential and minimum complementary ener- 
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gy, taking into account the Prager, Freudenthal, the core 
and Hoff findings. to the tot 
pasic prc 
mation 0! 
in the pa: 
THE EFFECT OF TIGHT CLAMPING ON THE compare 
FATIGUE STRENGTH OF JOINTS. W.A.P. Fishe vide solu 
and W.J. Winkworth. Gt. Brit., ARC R&M 2873 for one e 
(Feb., 1952), 1955. 10 pp. BIS, New York. $0.75 | 
Experimental tests on Z-section stringers connect. subjecte¢ 
ed to long, slotted cleats and on bolted joints inaly| je to ed 
minum-alloy specimens, with results indicating that 
the tight clamping increases considerably the endm 
ance; includes measurements of temperature and THE * 
friction effects. REGENT 
TURE). 
pp. 41-5° 
damental] 
LOCAL INSTABILITY PROBLEMS OF LIGHT applied t 
ALLOY STRUTS. Appendix I - THE STABILITY | large de! 
OF A SINGLE FLAT PLATE UNDER KNOWN EDGE | blast dar 
CONDITIONS. P.S. Bulson. ADA Res. Rep. 29, | tural sta 
Dec., 1955. 75 pp. 32 refs. Theoretical and ex- | to resea 
perimental investigation on thin-walled aluminum ie compr 
extrusions with hinged ends using compression test. | 
ing machines, with an evaluation of previous find- 
ings and of the theory of thin plates as applied to 
specific extrusion shapes. Results, expressed 
graphically as maximum stress per length, and 
maximum stress over the length-radius of gyration COLL 
ratio for each extrusion shape as compared to Euler! yJUM S17 
theoretical curves, indicate that substantial lips on | smith. 
extrusion flanges postpone local buckling until the | |7 refs. 
plastic range is reached. slendern 
| lipped ct 
| cial plat 
tribution 
O GEOMETRYCZNYCH METODACH BADANIA | ™ethod 1 
KONSTRUKCJI PRETOWYCH (GEOMETRICAL thin-wal 
METHODS OF INVESTIGATION OF LATTICE aennag 
STRUCTURES). Witold Wierzbicki. Rozprawy In- | ‘icate tt 
zynierskie (Warsaw), No. 2, 1955. 62 pp. In Pol- | ° torsic 
ish, with summaries in English and Russian. So- | ‘Tease! 
lution of problems of structural mechanics based 
on the principle of the parallelepiped of forces; ap- PLAS 
plication of the Maxwell-Mohr equation for the dis- | THREE 
placement of lattice knots and derived general eque Rep. SN 
tion for a lattice to problems of solid systems; cak proxima 
culation of the formula for the deflection of a canti+ fect pla: 
lever beam by means of secondary moments, takim | stress a 
into account the influence of the variability ofcross | ditions 1 
-section on the statically indeterminate quantities, limit pr 
and using an equation for geometrical addition of the bour 
deformations for frame computation, with the m¢h flow, 
od of finite differences used to obtain a solution of 
the problem of a polygonal frame. 
AXL 
SHELL: 
THEORY OF BENDING OF ISOTROPIC FLAT U. Inst 
SANDWICH PLATES AND ITS APPLICATIONS. DP. 
Ken Ikeda. J. Japan Soc. Aero. Eng., Nov.-Dec, | 4ja44:., 
1955, pp. 1l-17. In Japanese. Application to cas@ tion the 
in which the individual stiffness of the facings orf | 44... 
dis; 
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the core must be taken into account when compared 
to the total bending stiffness in the analysis of the 
pasic problem under the assumption that the defor- 
mation of irrotational fancings produced by bending 
inthe parallel plane of the surface. Results, as 
compared to those of the ordinary plate theory, pro- 
yide solutions satisfying three boundary conditions 
for one edge of the plate. Applied examples incluce 
problems concerned with the deflection of plates 
subjected to transverse pressure and the buckling 
due to edge compression. 


THE THEORY OF PLASTICITY: A SURVEY OF 


| REGENT ACHIEVEMENTS (JAMES CLAYTON LEC- 


TURE). William Prager. IME Proc., No. 21,1955, 
pp. 41-57. 168 refs. Includes an evaluation of fun 
damental aspects of shakedown and limit analysis 
applied to two- and three- dimensional problems of 
large deformations; results of impact testing and 
blast damage; developments in the theory of struc- 


tural stability in the plastic range related directly 


to research areas in mechanical engineering; and 


| 3 comprehensive bibliography. 


Beams and Columns 


COLUMN TESTS ON SOME PROPOSED ALUMF 
NUM STANDARD STRUCTURAL SECTIONS. R.E 
43 pp. 
l?refs. Experimental investigations at various 
slenderness ratios on equal and unequal bulb angles, 
lipped channels, and lipped H-sections using spe - 


| cial platens in order to obtain a uniform load dis- 


tribution. Analysis includes an evaluation of a 
method to apply the general theory of buckling of 
thin-walled sections and to calculate the warping 
constant and position of shear center. Results in- 
dicate that the failure occurs from the combination 
of torsional and flexural buckling and from the in- 
crease in torsion by decreasing slenderness ratio. 


PLASTIC FLOW IN A BEAM COMPRESSED BY 
THREE DIES. W. Freiberger. Australia, ARL 
Rep. SM. 229, July, 1955. 9 pp. Results of ap- 
proximate calculations under the assumption of per 
fect plasticity and plane strain using discontinuous 
stress and velocity fields satisfying boundary con- 
ditions to determine an upper and lower bound to the 
limit pressure and to indicate the deformation of 
the boundaries at the moment of pronounced plastic 
flow. 


Cylinders and Shells 


AXIALLY-SYMMETRIC MOTIONS OF THICK 
SHELLS. I. Mirsky and G. Herrmann. Columbia 
U. Inst. Air Flight Struc. AF TN 2, Nov., 1955. 
Zlpp. Study of the free harmonic waves in thick 
elastic cylindrical shells based on an approxima- 
tion theory and the three-dimensional theory of 
elasticity, with calculations of the dependence of 
the displacement component on the coordinate in the 


181 


direction of the normal to the middle surface, ofthe 
stress equations of motion and the appropriate 
boundary and initial conditions applying the Hamil- 
ton principle and Neumann uniqueness theorem, and 
of the stress-displacement relations using Hooke 
law for a three-dimensional elastic isotropic con- 
tinuum. 


HOLLOW CIRCULAR CYLINDER UNDER PERI- 
ODIC FLUCTUATIONS OF TEMPERATURE. Va- 
clav Vodicka. Appl. Sci. Res., Sect. A, No. 3; 
1955, pp. 327-337. Extension of results of investi- 
gation on heat waves in homogeneous isotropic cir- 
cular cylinders, with the analysis under the most 
general assumptions, taking into particular account 
the case of boundaries of a body impervious to heat 
with the respective coefficients of thé heat transfer 
tending to zero. 


STRESS CONSIDERATIONS IN THE DESIGN OF 
PRESSURISED SHELLS. Appendix I - SPHERICAL 
SHELL WITH REINFORCED CIRCULAR OPENING. 
Appendix II - SPHERICAL SHELL WITH CAP OF 
GREATER THICKNESS. Appendix III - SHELL 
REINFORCED BY WIDELY SPACED FRAMES (NO 
STRINGERS). Appendix IV - SHELL REINFORCED 
BY WIDELY SPACED FRAMES (WITH STRINGERS). 
Appendix V - NEUTRAL HOLES IN DEVELOPA - 
BLE SURFACES. Appendix VI - EFFICIENCY OF 
ECCENTRICALLY PLACED REINFORCEMENT. 
E.H. Mansfield. Gt. Brit., ARC CP 217, 1955. 
27 pp. BIS, New York. $0.75. Derivation of for- 
mulas to predict maximum stresses in thin-walled 
spherical, cylindrical, or conical shells subjected 
to internal pressure, with a reinforced circular 
opening and a cap of greater thickness for the spher- 
ical case, with stringers and closely spaced frames, 
stringers and widely spaced frames, and end caps 
of various forms for the cylindrical case, and with 
provisions to allow for reduced efficiency of the re 
inforcement on one side of the shell wall and to de- 
termine the feasibility of neutral holes with develop- 
able surface. 


Thermal Stress 


INFLUENCE QF AERODYNAMIC HEATING ON 
THE EFFECTIVE TORSIONAL STIFFNESS OF THIN 
WINGS. Appendixes A, B - FREE-END EFFECT 
ON THERMAL STRESS AND TORSIONAL STIFF- 
NESS. Bernard Budiansky and J. Mayers. LAS 
24th Annual Meeting, New York, Jan. 23--26, 1956, 
Preprint 579. 27 pp. Members, $0.65; nonmem- 
bers, $1.00. Results of a theoretical analysis indi- 
cating considerable losses of effective torsional 
stiffness in solid wings of symmetrical double -wede 
cross section accelerated to supersonic speeds due 
to chordwise mass variations, taking into account 
the influence of Mach Number, acceleration, and 
thickness ratio. 


A PRELIMINARY STUDY OF THE EFFECTS OF 
KINETIC HEATING ON THE DESIGN AND TESTING 
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OF AIRCRAFT STRUCTURES. W.H. Horton. Gt. 
Brit., RAE TN Struc. 177, Oct., 1955. 48 pp. 67 


refs. Evaluation of the stress analysis and of 
changes in methods with the introduction of kinetic 
heating, including new problems in creep and ther 
mal fatigue, with a description of automatic ground 
simulation. Includes results of the study of physi- 


cal and mechanical behavior of materials under var 


ious temperature conditions in terms of thermal 
conductivity and expansion. 


SOME STRUCTURAL AND AEROELASTIC CON- 
SIDERATIONS OF HIGH-SPEED FLIGHT (THE 
NINETEENTH WRIGHT BROTHERS LECTURE). 
R.L. Bisplinghoff. J. Aero. Sci., Apr., 1956, 
pp. 289-+-329, 367. 62 refs. Review of results of 
analytical and experimental investigations applied 
to the study of the prime aerothermoelasticity 
problems in structural design of manned aircraft 


for sustained flight in the isothermal atmosphere up 


to about Mach Number 3.5, taking into account the 

fundamental factors of convective and external radi- 
ative heat transfer from the boundary layer into the 
structure interacting with internal heat transfer and 


modes of failure under combined gust, maneuvering, 


and random loadings. Includes an assessment of 
the requirements of basic design research and de- 
velopmental trends, areas, and possibilities; and 
recommended methods of attack and alleviating the 
interrelated thermal stress and aeroelastic prob- 
lems. 


TRANSIENT THERMAL STRESSES IN BRITTLE 
CIRCULAR CYLINDERS. Appendixes 1, IJ - THE- 
ORETICAL BASIS FOR COMPUTATION OF MEAN 
AND SURFACE TEMPERATURES OF CYLINDERS. 
E. Glenny and P.W.H. Howe. Gt. Brit., NGTE 
Memo. M.259, Jan., 1956. 33 pp. Development 
of a method based on elastic theory to determine the 
effects of thermal shock on brittle materials using 
calculations of the surface tensile stresses from 
computed temperature distributions in the material, 
with tests using high-alumina cylinders of varying 
diameters at different temperatures and a fluidized 


bed as a cooling medium at controlled heat-transfer 


rates. Results indicate that the surface stresses 
cracking the cylinders in a single cooling cycle and 


lowering their bend strengths appreciably are slight- 


ly greater than the measured mean tensile strength 
of the material; and that within reasonable allow - 


ances the theoretical predictions are experimentally 


substantiated. 


THERMODYNAMICS 


EXPERIMENTAL INVESTIGATION OF AIR-F LOW 


UNIFORMITY AND PRESSURE LEVEL ON WIRE 
CLOTH FOR TRANSPIRATION-COOLING APPLI- 
CATIONS. P.L. Donoughe and R.A. McKinnon. 
(US, NACA RM ES52El6, 1952.) US, NACA TN 3652, 
Jan., 1956. 28 pp. Tests on regions of low perme- 


ability with calculations ofthe effect of exit pressure 


level on 20 x 200, 20 x 250, and 20 x 500 meshwire 
cloth. Results indicate that for a 36 per cent re- 


(58) 


AERONAUTICAL ENGINEERING REVIEW - APRIL, 1956 


duction in the original thickness ofthe cloth the con. 
trol of the calendering to + 0.0002 in. yielded uni- 
form air flow within +5 per cent; that the effect of 
the pressure level for exit pressures at 0.6 to 2.5 
atmospheres is predictable by known analytical re. 
lations in the corrected mass flow range up to 0.0% 
lb. per sec.- in.; and that the reduced tensile 
strength of the cloth, in the direction of the prima. 
ry stresses, is 11/, to 3 times as large as the 
strength of the best porous sintered material pres. 
ently available. 


GENERALIZED TABLES OF CORRECTIONS To 
THERMODYNAMIC PROPERTIES FOR NONPOLAR 
GASES. H.W. Woolley and W.S. Benedict. US, 
NACA TN 3272, Mar., 1956. 62 pp. 19 refs. De- 
velopment of tables based on the Lennard-Jones 6. 
12 potential for representation of second and third 
virial coefficients and equation-of-state correction 
for density, enthalpy, entropy, specific heats at 
constant pressure and volume, the ratio of specific 
heats, the isentropic expansion coefficient, and the 
velocity of sound to calculate the effects on nonpo- 
lar gases of gas imperfection. 


HEAT CAPACITY LAG OF GASEOUS MIX - 
TURES. T.D. Rossing, R.C. Amme, and Sam 
Legvold. US, NACA TN 3558, Mar., 1956. 35 pp. 
18 refs. Experimental investigation of relaxation 
times for the excitation of molecular vibrations in 
a number of heavy gases using a Pierce-type acous- 
tic interferometer to measure the sonic dispersion. 
Results indicate the strength of the intermodal cou- 
pling in the halogen-substituted methanes, the im- 
portance of binary collisions in the excitation of 
vibrations, the probability in a given collision of 
exciting or deexciting molecular vibrations depend- 
ing upon the relative energy of approach of the col- 
liding molecules rather than upon their relative ve- | 
locity as predicted by the Landau-Teller theory, 
and the dependance of the steric factor on tempera- 
ture as related to rotational velocity. 


PREPARATION AND PROPERTIES OF HIGH |, 
TEMPERATURE PYROLYTIC CARBON. A.R.G. 
Brown. Gt. Brit., RAE Rep. Met.87, June, 1955. 
58 pp. 42 refs. Development of a method to pre- 
pare massive specimens of carbon by the break- 
down of hydrocarbon gases at various temperatures 
and sub-atmospheric pressures, with results indi- 
cating that the rate of deposition, density, electri- 
cal resistivity, and thermal conductivity of the de- 
posits are dependent on temperature of deposition. 


VISUAL STUDY OF FREE CONVECTION IN A 
NARROW VERTICAL ENCLOSURE. E.M. Sparrow) 
and S.J. Kaufman. US, NACA RM E55Ll4a, Feb. | 
16, 1956. 14 pp. Investigation, using a shadowrat 
ic technique, of free-convection flow of water in an 
enclosure cooled at the top through a copper sur- 
face and heated from the open bottom. Results in- 
dicate that the flow is unsteady with time having 0 
definite pattern, with the dominating characteris- } 
tics being instability and change. 
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VERTICAL TAKE-OFF AIRCRAFT 


INVESTIGATION OF THE EFFECTS OF GROUND 
pROXIMITY AND PROPELLER POSITION ON THE 
EFFECTIVENESS OF A WING WITH LARGE-~CHORD 
isLOTTED FLAPS IN REDIRECTING PROPELLER 

sSLIPSTREAMS DOWNWARD FOR VERTICAL TAKE 
OFF. Richard E. Kuhn. US, NACA TN 3629, 
Mar., 1956. 38 pp. Results of the Langley Aero. 
| Lab. development in the 7 x 10 ft tunnel on models 
'stzero forward speed, based on previous tests to 
provide direct lift without inclining either the fuse- 
lage or the propellers through large angles with re- 
spect to the ground, indicating that with propeller 
thrust axis on the wing chord plane, both the angle 
through which the slip stream is deflected and the 
ratio of resultant force to thrust are reduced as the 
ground is approached, that the lowering of the thrust 
axis below the wing chord plane reduces the adverse 
effects of the ground and the large diving moments 
| associated with the slotted flap arrangement; and 
that the static thrust efficiency is slightly reduced 
| by ground effect. 


PROBLEMS IN THE DESIGN OF PROPELLER- 

DRIVEN VERTICAL TAKE-OFF TRANSPORT AIR- 

| PLANES. M.O. McKinney, R.E. Kuhn, and J.B. 
Hammack. (LAS 24th Annual Meeting, New York, 
Jan. 23--26, 1956, Preprint 597.) Aero. Eng. Rev., 
Kpr., 1956, pp. 68-75. Summary of the Langley 

| Aero. Lab. investigations covering stability and 
control, propellers, and aerodynamic characteris- 
tics of wing-propeller combinations. Results indi- 
cate that the principle of redirecting the slipstream 
as a function of flap-chord to propeller-~diameter ra- 
tio may be applied to obtain slipstream angles of the 
order of 70°, with the diving moments and ground 

| effects on these configurations controlled by lower- 
ing the thrust axis; and that high static thrust may 
be obtained by use of large diameter, considerable 
blade camber, and blade width. 


WATER-BORNE AIRCRAFT 


HYDRODYNAMIC IMPACT LOADS IN SMOOTH 
WATER FOR A PRISMATIC FLOAT HAVING AN 
ANGLE OF DEAD RISE OF 10°. P.M. Edge, Jr. 
US, NACA TN 3608, Jan., 1956. 20 pp. Experi- 
mental investigation in the Langley Impact Basin at 
impact fixed angles of trim of 3°, 12°, 20°, and 
30° and at flight-path angles between 2° and 23°, 
with data used to evaluate theoretical and empirical 
means for the determination of the dead-rise func- 
tion, aspect-ratio factor, and draft where chine- 
immersion effects occur. Analysis of test results 


, indicates that the function of dead-rise angle in the 


determination of hydrodynamic loads is approxi- 
mated by the expression ® _ 1; that the experimen- 
tal values of an aspect-ratio factor are in agree- 
ment with the Pabst-derived empirical expression; 
that, in the determination of draft where chine-im- 
mersion effects occur, the empirical value of h(a) 

) is obtained as a function of dead-rise an- 
gle for water pileup at a 3° angle of trim; and that 
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the experimental variations of load-factor, draft, 
and time coefficients, and velocity ratio are in 
agreement with the theoretical variation. 


IMPACT MEASUREMENTS ON A LARGE MOD- 
EL OF A REPRESENTATIVE LANDPLANE FUSE- 
LAGE ON WATER. Appendix I - CALCULATION 
OF SPLASH-UP. J.E. Allen. Gt. Brit., MAEE 
Rep. F/Res/264, Oct., 1954. 73 pp. 17 refs. Ex 
perimental investigation of splash-up, impact pres- 
sures, and impact force occurring during controlled 
alightings on smooth water of a fuselage of ellipti- 
cal cross-section in the Hull Launching Tank to de- 
termine an optimum fuselage-wing combination hav 
ing good ditching characteristics, with pressure dis- 
tributions for several landings over a range of ini- 
tial altitudes and at flight path angles down to 1.5 
degrees. Results indicate that the width of the ac- 
tual wetted surface of the cylinder is VZ times the 
width that would be wetted for immersion to the 
same draft without splash-up; and that the current 
findings are not applicable generally to design cases 
for ditching until a rational theory of fuselage-shape 
impacts is conceived. 


PRESSURE DISTRIBUTION ON A HYDROFOIL 
RUNNING NEAR THE WATER SURFACE. B.R. 
Parkin, Byrne Perry, and T. Yao-tsu Wu. CIT 
Hydrodynamics Lab. Rep. 47-2, Apr., 1955. 38 
pp. 17 refs. Navy-sponsored investigation of the 
flow behavior about two geometrically similar 
Joukowski hydrofoils shallowly submerged to deter 
mine the effect of the free surface on the pressure 
distribution of the upper-side of the hydrofoil in 
a closed-circuit type water tunnel at sub-critical 
velocities using a Prandtl tube, standard pressure 
tape, and a Statham strain-gage transducer. In- 
cludes analyses of previously obtained data, deri- 
vation of the pressure coefficient in terms of Frou- 
de Number and the angle of attack, and a method to 
calculate lift and drag on a specific hydrofoil. 


WIND TUNNEL TESTS ON SEAPLANE HULLS 
IN THE R.A.E. 5FT. DIAMETER OPEN JET TUN- 
NEL AND THE N.P.L. COMPRESSED AIR TUN - 
NEL. A.G. Smith. Gt. Brit., MAEE Rep. F/Res/ 
266. Jan., 1955. 77 pp. Summary of the data of 
tests over a range of 2 to 60 x 10° Reynolds Num- 
bers to determine the origin and order of the com- 
ponent drags of a hull and the difference from that 
of an equivalent body of revolution, to evaluate the 
scale effects and the possible effect of controlling 
the boundary layer transition, and the "Princess" 
flying boat step fairing design. Results indicate 
that the air drag need not exceed 1.05 to 1.10 times 
that of the corresponding body of revolution, and 
that the low hull drag is obtainable at all full scale 
Reynolds Numbers. 


WIND TUNNELS AND RESEARCH FACILITIES 


THE ELEVENTH BRITISH COMMONWEALTH 
AND EMPIRE LECTURE: THE GROWTH OF AERO- 
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NAUTICAL RESEARCH IN CANADA DURING THE 
POST-WAR DECADE. J.J. Green. J. RAeS, Dec., 
1955, pp. 791--828. 79 refs. Includes a compre- 
hensive review of the literature covering aerody- 
namic and hydrodynamic facilities for the study of 
gas dynamics, structures, flight turbulence, aero- 
physiology and aviation medicine, boundary-layer 
and shock-wave interaction, icing prevention and 
protection, fundamental combustion and heat trans- 
fer, automatic aircraft control, dynamic glider and 


parachute testing, aeroelasticity, engine thrust aug- 
mentation, missile aero-ballistics, free-flight tech- 


niques, and other problems of experimentation and 
development. 


PAPERS PRESENTED AT THE JOINT SESSION 
OF THE FLIGHT TEST TECHNIQUES AND WIND 
TUNNEL AND MODEL TESTING PANELS, Ottawa, 
June, 1955. NATO AGARD Rep. AGI18/P8, 1956. 
134 pp. 27 refs. Contents: Modern Trends in Dy- 


namic Stability Analysis and Experiment, H.G. Ste- 
ver, J.T. Van Meter, E.E. Larrabee, Joseph Hick- 


nell, and T.R. Parsons. An Investigation of Some 
Longitudinal Stability and Control Troubles at High 
Subsonic Speeds, E. Billion. 
Tunnel Data in Terms of Dynamic Behavior of Air- 
craft at High Angles of Attack, R.W. Stone, Jr. 


On-Line Automatic Data Reduction at the Arnold h- 


gineering Development Center, D.F. Taylor. Com- 
parison de Mesures en Vol et en Souffleries Por- 
tant sur les Caractéristiques d'un Avion dans le 
Subsonique Eleve, F. Vinsonneau. Some Compari- 
sons between Wind Tunnel Model and Flight Test 
Results on Aircraft at High Angles of Attack, R.R. 
Duddy. Icing Experiments in Flight and Compari- 
sons with Wind Tunnel Testing, D. Fraser. 


DEVELOPMENTS IN FATIGUE CRACK DETECT- 


ING SYSTEMS. S.R. Valluri. CIT So. Calif. CWT 
Rep. P-5, July, 1955. 26 pp. 13 refs. Results of 
experimental tests applied to a method of lacing re- 
gions of stress concentration in wind tunnels with 
thin insulated wires connected to a relay-indicator 
circuit. 


THE FLOW OVER A BODY IN A CHOKED WIND 
TUNNEL AND IN A SONIC FREE-JET. B.W. 
Marschner. J. Aero. Sci., Apr., 1956, pp. 368- 
376. Quantitative analysis at CIT of wall influences 
in the transonic region for application to closed 
throat wind-tunnel testing, with the computation of 
the pressure distribution over a double-wedge air- 
foil under free-flight conditions at M=1 compared 
to the results from the wind-tunnel and sonic-free- 


jet measurements to indicate deviations and to estab- 


lish criteria for tunnel corrections, as for the spe- 
cific case of a wedge, having length of 13 per cent 


of the tunnel height and a thickness ratio 10 per cent 


in which the deviations of the pressure distribution 
barely exceed the usual experimental scatter. 


INSTRUMENTATION OF GALCIT HYPERSONIC 


WIND TUNNELS. P.E. Baloga and H.T. Nagamat- 


su. GALCIT Memo. 29, July 31, 1955. 28 pp. 
Analysis of measuring and controlling techniques 
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for inlet, outlet, and stagnation pressure and tem. 
perature ratios, using Tate-Emery and Dew Point 
pressure indicators, steam heat exchangers, heat 
ers, low-pressure silicone manometer and micro. 
manometer banks, carbon dioxide concentration 
meters, schlieren optical systems, and oil remoy. 
al devices. 


INVESTIGATION OF THE EFFECT OF SHORT 
FIXED DIFFUSERS ON STARTING BLOWDOWN 
JETS IN THE MACH NUMBER RANGE FROM 2.7 
TO 4.5. J.A. Moore. US, NACA TN 3545, Jan. 
1956. 32 pp. Results of tests in the Langley Gasi 
Dynamics Lab. indicating that the wedge diffusers ey 
tending the nozzle contours reduce the overall pres 
sure ratios required for starting to less than one. 
half the values obtained without a diffuser; that the 
minimum overall pressure ratioat each Mach Num- 
ber is approximately twice the value predicted by 
one-dimensional theory; and that the effectiveness 
of the central-body diffusers is greater at higher 
values of minimum area. 


A METHOD OF BOUNDARY-LAYER FLOW VIS. 
UALIZATION FOR USE IN FLIGHT. P.B. Atkins 
and R.S. Trayford. Australia, ARL FN 22, July, 
1955. 15 pp. Wind-tunnel and flight-test adaptation 
of the China clay technique by spraying the wetting 
agent from nozzles immediately aft of the stagna- 
tion point at high incidences with the spray cutting ff 
through the stagnation streamline to be carried well 
the upper surface. 


METHODS OF DETERMINATION AND OF FIX- 
ING BOUNDARY-LAYER TRANSITION ON WIND 
TUNNEL MODELS AT SUPERSONIC SPEEDS. K. 
G. Winter, J.B. Scott-Wilson, and F.V. Davies. 
Gt. Brit., ARC CP 212 (Sept., 1954), 1955. 27 pp. 
21 refs. BIS, New York. $0.75. Analysis of such 
experimental procedures applied in the NAE 3 x3 
in. and intermittent supersonic wind tunnels as: 
sublimation technique using azobenzene and hexa- 
chlorethane; nonvolatile liquid film technique using 
oil; surface pitot tube; flow measurement of a swept 
back wing, and method of correlation. Includes 
calculations of the effects of boundary-layer tran- 
sition control on flow separation on a double weged 
airfoil at low Reynolds Numbers and an evaluation 
of the artificially promoted turbulent boundary lay- 
er on a 10° cone at Mach 2.45. 


MODEL TESTING TECHNIQUE EMPLOYED IN 
THE R.A.E. SEAPLANE TANK. Appendix I - 
LONGITUDINAL INSTABILITY CHARACTERISTIG 
Appendix II - SPRAY AND WAKE FORMATION. 1 
B. Owen, A.G. Kurn, and A.G. Smith. Gt. Brit., 
ARC R&M 2976 (Sept., 1953), 1955. 59 pp. 23 refs. 
BIS, New York. $3.75. Method to predict the ful 
scale seaplane behavior, with an evaluation of the 
factors affecting the choice of the model scale and 
construction parameters as related to the test pro- 
gram on a new design to determine longitudinal and) 
lateral stability on the water, spray and rough wa- 
ter behavior and water drag, and with a descriptic 
of the apparatus used. 
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simultaneous differential equations of 
motion of a winged body in arrested- 
engine, nonpowered supersonic glide with- 
out a retarding wake, under the assump- 
tion that the angle of inclination of the 
trajectory tangent and the lift-to-drag 
ratio remain constant. 


Navigation 


Acceleration Errors in Astro-Naviga- 
tion. J. B. Parker. J. Inst. Navigation, 
Jan., 1956, pp. 17-19. Observational data 
from high-speed flight experience. 

The Plane and Great Circle Sailings. 
I. Peter H. Selby. Navigation, Dec., 
1955, pp. 298-305. Survey of back- 
ground mathematics as applied to prob- 
lems of teaching flight navigation. 

A Proposal for Tables of Pre-Computed 
Values for Pressure Pattern Flight. 
William Warntz. Navigation, Dec., 1955, 
pp. 306-809. 


Photography 


A High-Speed Camera for the Pho- 
tography of Shock-Wave Oscillations in a 
Wind Tunnel. D. W. Holder, R. J. 
North, W. G. Standring, and J. S. T. 
Looms. Gt. Brit., ARC R&@M 2901 (Aug., 
1949), 1955. 15 pp. BIS, New York. 
$1.15. 


Power Plants 
Jet & Turbine 


An Accurate Calibration of a Derwent 
8Gas Turbine. Appendix A—Correction 
of Observed Results to Standard Condi- 
tidhs as Specified by the Engine Manu- 
facturer. R. V. Pavia. Australia, ARL 
Mech. Eng. Note 202, Aug., 1955. 20 pp. 
Test-bed instrumentation and detailed 
measurement of thrust to determine per- 
formance levels. 

Preliminary Investigation of Several 
Root Designs for Cermet Turbine Blades 
in Turbojet Engine. III—Curved-Root 
Design. Benjamin Pinkel, George C. 
Deutsch, and William C. Morgan. U.S., 
NACA RM E55J04, Dec., 28, 1955. 17 
Pp. 

Experimental and Calculated Tempera- 
ture and Mass Histories of Vaporizing 
Fuel Drops. Appendix A—Theoretical 
Calculation for Unsteady State with Finite 
Liquid Thermal Conductivity. Appendix 
B—Theory of Simultaneous Mass Trans- 
fer and Heat Transfer. Appendix C— 
Calculation for Lifetime of a Vaporizing 
Drop Under Different Air Velocities. MM. 
M. El Wakil, R. J. Priem, H. J. Brikow- 
ski, P. S. Myers, and O. A. Uyehara. 
U.S., NACA TN 3490, Jan., 1956. 82 pp. 
20refs. Application of test results to jet- 
engine fuel intake and combustion prob- 
lems, 

Fuel Control and Burning in Aero-Gas- 
Turbine Engines. I, II. E. A. Watson. 
(James Clayton Lecture at the IME, Dec. 
16, 1955.) The Engr., Dec., 23, 30, 1955, 
pp. 896-899, 928, 929. Abridged. 

Tests on a Typical Whittle Compressor. 
A. Simons and C. K. Roberts. Gt. Brit., 
ARC R&M 2913 (July, 1952), 1955. 10 
Pp. BIS, New York. $0.75. 
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Analog Study of Interacting and Nonin- 
teracting Multiple-Loop Control Systems 
for Turbojet Engines. George J. Pack 
and W. E. Phillips, Jr. (U.S., NACA TN 
3112, 1954.) U.S., NACA Rep. 1212, 
1955. 13 pp. Supt. of Doc., Wash. 
$0.20. 

Performance Characteristics of Cylin- 
drical Target-Type Thrust Reversers. 
Fred W. Steffen and Jack G. McArdle. 
U.S., NACA RM E55129, Jan. 11, 1956. 
40 pp. 

Reverse Thrust, Vertical Lift, and Side 
Force by Means of Controlled Jet-De- 
flection. Leonard Meyerhoff and Stanley 
A. Meverhoff. JAS 24th Annual Meet- 
ing, New York, Jan. 23-26, 1956, Preprint 
624. 25 pp. 24 refs. Members, $0.65; 
nonmembers, $1.00. USAF-supported in- 
vestigation. 


Ram-Jet & Pulse-Jet 


Sul Comportamento dell’Autoreattore al 
Variare delle Condizioni di Impiego nel 
Campo Supersonico (On the Behaviour of 
a Ram-Jet in Different Operational Con- 
ditions at Supersonic Speeds). Corrado 
Casci. L’ Aerotecnica (Rome), Aug., 1955, 
pp. 195-202. In Italian. 


Rocket 


Modern Techniques in Solid Rocket 
Engineering. George S. Sutherland. 
Aero Dig., Jan., 1956, pp. 46-52, 54, 56. 
29 refs. Experimental design data in 
terms of properties of homogeneous and 
heterogeneous propellants, charge con- 
figurations, combustion chamber volume, 
nozzle expansion ratio, and ignition needs. 

Thermodynamic Theory of Rocket 
Motor with Hydrazine and Nitric Acid as 
Fuels. J. M. J. Kooy. Astronautica Acta, 
Fasc. 4, 1955, pp. 157-165. 


Production 


Britain’s Aircraft Needs; A Survey of 
the Postwar Position and Future Require- 
ments. A. H. Roy Fedden. (First Lord 
Sempill Paper, 4th Aircraft Prod. Conf., 
Southampton, Engl., Jan. 6, 7, 1956.) 
Aircraft Prod., Feb., 1956, pp. 50-59. 

Structural Features of the Fokker 
“Friendship.””’ R. J.  Schliekelmann. 
Aero Res. TN Bul. 154, Oct., 1955. 6 pp. 
Abridged. Fabricational aspects in the 
development of the F.27, including forging, 
use of bonding and plastic molding tech- 
niques, and machining of components. 


Metalworking 


Adhesive Bonding of Metals. Samuel 
N. Muchnick. (ASME Diamond Jubilee 
Semi-Annual Meeting, Boston, June 19-23, 
1955, Paper.) Mech. Eng., Jan., 1956, 
pp. 19-22. Study of joint strengths, 
based on theoretical principles of the work 
of adhesion and contact angles in using or- 
ganic materials on aluminum, stainless 
steel, magnesium, and titanium, as af- 
fected by an adsorbed film on the metal 
surface and by the mechanical properties. 


Induction-Heating; Fundamental Prin- 
ciples and Problems of Application to 
Production Processes. D. Warburton- 
Brown. Aircraft Prod., Feb., 1956, pp. 
42-46. 
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Plastic Forming of Metals; Where Are 
We Now and Where Are We Going? 
Alexander Zeitlin. ASME _ Diamond 
Jubilee Annual Meeting, Chicago, Nov. 14, 
1955, Paper. 31 pp., 36 plates. 

High Feed-Rates; Cast and Forged- 
Blank Milling-Cutters for Operation with 
a High Tooth-Loading. Aircraft Prod., 
Feb., 1956, pp. 47-49. 

Long Mill; New Multiple Spar-Milling 
Installation for the Machining of Inte- 
grally-Stiffened Spars. C. F. Wallace. 
Aircraft Prod., Feb., 1956, pp. 78-82. 

Precision Machining; Special Purpose 
Machine-Tools for the Manufacture of 
Guided Missile Components. Aircraft 
Prod., Feb., 1956, pp. 60-62. 


Nonmetalworking 


Epoxy-Glasscloth Moulds; Experi- 
mental Use of Embedded Electrical-Re- 
sistance Tape-Elements in Equipment for 
Radome and Acrylic-Canopy Manufac- 
ture. Leo J. Constanza. Aircraft Prod., 
Feb., 1956, pp. 63-65. 

Patterns Cast in Epoxy Resin. D. B. 
Orr. Aero Res. TN Bul. 155, Nov., 1935. 
6 pp. Adaptation of processes and tech- 
niques in the use of Araldite Resin M and 
Hardener 951. 


Production Engineering 


Air Operations Consciousness in Aero- 
nautical Engineering. Ralph H. Miner. 
Aero. Eng. Rev., Mar., 1956, pp. 72-77. 
Conceptual operational time and motion 
bases for a more realistic planning and 
developmental cycle. 

Conference on Non-Destructive Test- 
ing; A Report on the Meeting Organized 
by the Society of Licensed Aircraft Engi- 
neers Held in London on September 3, 
1955. Aircraft Eng., Dec., 1955, pp. 409- 
414. Includes details of ultrasonic, radio- 
graphic, and other parts inspection pro- 
cedures. 

Design for Optimum Utilization of 
Materials. Harris P. Moyer. USAF 
AMC Conservation Seminar, St. Louis, 
Oct. 5, 6, 1955, Paper. 9 pp., 16 plates. 
Quality engineering program to _ inte- 
grate newly developed materials into 
fabricational processes, including preci- 
sion forging, heat treating, contour 
rolling, and flash and fusion welding. 


Tooling 


Machine-Control. I—The Heller Sys- 
tem of Electro-Hydraulic Operation of 
Machine-Tools: Control-Elements. 4A ir- 
craft Prod., Feb., 1956, pp. 66-73. 


Welding 


Carbon-Dioxide-Shielded Consumable- 
Electrode Arc Welding. G. R. Roth- 
schild. Welding J., Jan., 1956, pp. 19-29. 
13 refs. 

Continuous-Cooling Transformation 
Characteristics Related to Weldability of 
a 0.5% C Steel. B. J. Bradstreet and 
R. L. Wilkins. Brit. Welding J., Dec., 
1955, pp. 562-566. 

Researches Into the Welding of Alumin- 
ium and Its Alloys; A Summary of the 
Work of the A.D.A. Welding Research 
Team at the University of Birmingham 
1944 to 1950. Appendix I—Cracking 
Tests Used. Appendix I]. W. I. Pum- 
phrey. ADA Res. Rep. 27, July, 1955. 59 
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BASIC 
RESEARCH 
at 


los@ ‘alamos 


ABOVE: DR. KEITH BOYER IS 
SEEN OBSERVING A BEAM OF 
LOW ENERGY NITROGEN IONS. 


The cyclotron shown above is one of the many types 
of advanced research equipment in use at Los Alamos. 
This variable energy machine is designed to accelerate 
high intensity beams of all the hydrogen and helium 
isotopes. 


The Laboratory offers a wide range of opportunities 
to do research and development work in the fields of 
Physics, Chemistry, Metallurgy, Mathematics, Comput- 
ing and Engineering. 


If you are interested in learning more about career 
opportunities at Los Alamos, write— 


DEPARTMENT OF SCIENTIFIC PERSONNEL 
Division 801 


scientific laboratory 


OF THE UNIVERSITY OF CALIFORNIA 
LOS ALAMOS, NEW MEXICO 


pp. 49 refs. Includes a comprehensive 
bibliography of published papers. 

Resistance Welding and Post-Heat. 
Treatment of Steel Stud Projection Welds, 
E. V. Beatson, E. Mitchell, and L. X 
Sayer. Brit. Welding J., Jan., 1956, pp, 
10-19. 

Strain Energy Release Rate Deter. 
mination for Some Perforated Structura| 
Members. Emmet E. Day. Welding J 
Res. Suppl., Jan., 1956, pp. 60-s—64-s. 10 
refs 


Propellers 


Theory of the Broad-Bladed Propeller, 
Addendum—Influence of the Other 
Blades on the Propeller Blade Camber 
Factor. G. I. Ginzel. Gt. Brit., ARC 
CP 208 (June, 1952), 1955. 74 pp. 10 
refs. BIS, New York. $1.40 

A Wind-Tunnel Investigation of the 
Effects of Thrust-Axis Inclination on 
Propeller First-Order Vibration. Appen- 
dix—A Method of Calculating Air-Load 
Variations on a Tilted Propeller. W.H 
Gray, J. M. Hallissy, Jr., and A. R. Heath, 
Jr. (U.S., NACA RM L50D13, 1950 
U.S., NACA Rep. 1205, 1954. 37 pp 
Sup. of Doc., Wash. $0.35. 


Rotating Wing Aircraft 


History and Development Issue: The 
Story of the Birth and Development of the 
Helicopter Industry. J. AHS, Jan., 1956 
140 pp. Partial contents: A History of 
NACA Research on Rotating-Wing Air- 
craft, F. B. Gustafson. The History of 
Sikorsky Aircraft. Piasecki Helicopter 
Corporation. Up With Bell Helicopters, 
G. J. Butterbaugh. Hiller Helicopté&s: 
New Ideas for a New Industry, Ralph W. 
Kummer. The Kaman Aircraft Corpora- 
tion, Charles Kirchner. Development of 
Civil Helicopter Airworthiness Standards, 
Burdell L. Springer. History of Air Force 
Development of Rotary-Wing Aircraft, 
Cyrus W. Hardy. The Army Helicopter, 
Past, Present and Future, Edgar C. Wood. 
Helicopters in Naval Aviation, William 
G. Knapp. U.S. Marine Combat Heli- 
copter Applications, Lynn Montross. 
Okanagan, Pioneers of Helicopter Moun- 
tain Flying, Ada Carlson. 

Investigation of the Propulsive Char- 
acteristics of a Helicopter-Type Pulse-Jet 
Engine Over a Range of Mach Numbers 


and Angle of Yaw. Paul J. Carpenter, | 


James P. Shivers, and Edwin E. Lee, Jr. 
U.S., NACA TN 3625, Jan., 1956. 24 pp. 

Investigation of Whirl Test Methods 
for Inducing Flight Fatigue Loads in 
Helicopter Rotors. Charles F. Rice. 
IAS 24th Annual Meeting, New York, 
Jan. 23-26, 1956, Preprint 600. 15 pp. 
Members, $0.50; nonmembers, $0.85. 

The Simple Harmonic Motion of 4 
Helicopter Rotor with Hinged Blades. 
Appendix—The Comparison with Calcu- 
lations for Constant Angular Velocity and 
Constant Angular Acceleration. J. K. 
Zbrozek. Gt. Brit., ARC R&M 2818 
(Apr., 1949), 1955. 12 pp. BIS, New 
York. $0.90. 

Wind Tunnel Tests on a 6 ft Diameter 
Helicopter Rotor. T. B. Owen, R. Fail, 
and R. C. W. Eyre. Gt. Brit., ARC CP 


216, 
$0.90. 
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216, 1955. 34 pp. 
$0.90. 

Analytical Determination of the Natural 
Coupled Frequencies of Tandem Heli- 
copters. Appendix—Procedure for Re- 
ducing the Order of the Matrix Equation. 


BIS, New York. 


George W. Brooks. JAS 24th Annual 
Meeting, New York, Jan. 23-26, 1956, 


Preprint 620. 18 pp. 
nonmembers, $0.85. 

A Discussion of Helicopter Vibration 
Studies Including Flight Test and Analysis 
Methods Used to Determine the Coupled 
Response of a Tandem Type. John E. 
Yeates, Jr. JAS 24th Annual Meeting, 
New York, Jan. 23-26, 1956, Preprint 625. 
Members, $0.35; 


Members, $0.50; 


nonmembers, 


A Review of Methods for Predicting 
Helicopter Longitudinal Response. Law- 
rence Kaufman and Kenneth Peress. J. 
Aero. Sci., Mar., 1956, pp. 259-271. 10 
refs. Analysis of the relative merits and 
implications of the approximations ob- 
tained by different analytical techniques 
in terms of the frequency response, with 
a derivation of the equations of motion 
of a single-rotor design. 

A Two-Dimensional Approximation to 
the Unsteady Aerodynamics of Rotary 
Wings. Appendix A—Influence of Blades 
Other Than the Reference Blade. Robert 
G. Loewy. JAS 24th Annual Meeting, 
New York, Jan. 23-26, 1956, Preprint 605. 
31 pp. 23 refs. Members, $0.65; 
members, $1.00. 


non- 


Safety 


Aircraft Accident Investigation. 
Davis. (CAI-IAS Internatl. Meeting, 
Ottawa, Nov. 3, 4, 1955, Preprint 575). 
Can. Aero. J., Jan., 1956. pp. 25-27. 


€. 


Space Travel 


Optimum Launching of a Rocket Into an 
Orbit About the Earth. D. F. Lawden. 
Astronautica Acta, Fasc. 4, 1955, pp. 
185-190. Derivation and numerical inte- 
gration of the equations governing the 
rocket trajectory in terms of the require- 
ments of a minimum expenditure of fuel. 

Project VANGUARD—The Interna- 
tional Geophysical Year Earth Satellite. 
F.R. Furth. (JAS 24th Annual Meeting, 
New York, Jan. 23-26, 1956, Preprint 
609.) Aero. Eng. Rev., Mar., 1956, pp. 
55-59. Survey of problems, trends, and 
practical progress in techniques of very 
high altitude research under the USAF- 
Army-Navy sponsorship in terms of the 
design and construction requirements of 
the launching rocket and the satellite, 
selection of the launching site and tracking 
stations, and the determination of the 
satellite orbit. 

Some Paradoxes of Interstellar Travel. 
A. E. H. Bleksley. J. So. African Inter- 
planetary Soc., July—Sept., 1955, pp. 49-53. 

Space Flight and Rocket Propulsion. 
I, Il, 1vV—Thermodynamical Notions Ap- 
plicable to Chemical Rocket Propellants. 
J. Venter. J. So. African Interplanetary 
Soc., Oct.-Dec., 1954, Apr.-June, July- 
Sept., 1955, pp. 51-64, 41-48, 68-81. 
Analysis of fundamental problems related 
to forms, transformation, and _poten- 
tialities of energy; includes design and 
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construction data for the supply system 
to the combustion chamber to feed the 
rocket motor with oxidizer and fuel at a 
desired rate to obtain maximum ef- 
ficiency. 

Studies of a Minimum Orbital Un- 
manned Satellite of the Earth (MOUSE). 
I—Geophysical and Astrophysical Ap- 


plications. S. F. Singer. Astronautica 
Acta, Fase. 4, 1955, pp. 171-184. 11 
refs. 

Structures 


Compressive Crippling of Structural 
Sections. Melvin S. Anderson. 
NACA TN 3553, Jan., 1956. 31 pp. 17 
refs. Development of a method to cal- 
culate crippling stresses as a function of 
material properties and proportions of the 
sections. 

Conference Report: Summarized Pro- 
ceedings of a Conference on Stress An- 
alysis, Sheffield, September, 1955. H. 
Spooner. Brit. J. Appl. Phys., Jan., 1956, 
pp. 1-9. Includes highlights of papers 
on design factors, plastic yielding, air- 
craft engine vibration, and photoelastic 
investigations. 

Statical Indeterminacy of a Structure; 
A Study of a Necessary Topological Condi- 
tion Relating to the Degree of Statical 
Indeterminacy of a Skeletal Structure. 
J. C. de C. Henderson and W. G. Bickley. 
Aircraft Eng., Dec., 1955, pp. 400-402. 


Bars & Rods 


O Pewnej Metodzie Wytznaczania Pél 
Tolerancyjnych (On a Certain Method of 
Determining Tolerance Fields). Wojciech 
Szezepinski. Arch. Budowy Maszyn (War- 
saw), No. 3, 1955, pp. 275-284. In Polish, 
with summaries in English and Russian. 


Beams & Columns 


Stability of Axially Loaded Continuous 
Beams. A. Bolton and J. B. B. Owen. 
J. RAeS, Dec., 1955, pp. 848, 849. Sur- 
vey of practical methods such as the 
Wood continued stiffness modification and 
the Hardy-Cross relaxation procedure 
applying the moment to the simply-sup- 
ported end of a beam. 

Transient Flexural Stresses in an In- 
finite Beam. R. P. N. Jones. Quart. J. 
Mech. & Appl. Math., Sept., 1955, pp. 
373-384. 


Connections 


The Effect of Tight Clamping on the 
Fatigue Strength of Joints. W. A. P. 
Fisher and W. J. Winkworth. Gt. Brit., 
ARC R&M 2873 (Feb., 1952), 1955. 10 
pp. BIS, New York. $0.75. 

Investigation on the Ultrasonic Testing 
of Glued Metal Joints. J. Schijve. Neth- 
erlands, NLL Rep. M. 1995, Sept. 30, 
1955. 54 pp. 


Cylinders & Shells 


An Analysis of the Stiffness and Opti- 
mum Weight-Stiffness of Tubes with 
Inclined Ribs. A. H. Hall. Canada, NAE 
Rep. 22 (LR-89), 1954. 17 pp. 

Note on the Minimum-Weight Design of 
Thin-Walled Cells in Combined Bending 
and Torsion. V. Cadambe and S. Krish- 
nan. J. RAeS, Jan., 1956, pp. 65, 66. 
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Pewne Zagadnienia Osiowo-Symetry- 
czne Dla Obszaréw Sprezystych Ogranic- 
zonych Powierzchniami Kulistymi (Axi- 
ally Symmetrical Problems Concerning 
Bodies Bounded by Spherical Surfaces). 
Jozef Golecki. Arch. Mech. Stosowanej 
(Warsaw), No. 2, 1955, pp. 201-220. 13 
refs. In Polish, with summaries in Eng- 
lish and Russian. Development of an 
analytical method deriving formulas for 
the displacements from the equilibrium 
equations based on Legendre polynomials 
and extending the Thomson solution for a 
sphere with given displacements on the sur- 
face as a generalization in the form of rela- 
tions for a multilayer thick-walled 
spherical shell to determine axially sym- 
metrical boundary conditions in terms of 
stresses for a spherical surface under the 
assumptions of the classical theory of 
elasticity, taking into account previous 
results of Galerkin and Lurie. 

Skrecanie CienkoSciennych Pretéw 
Zbieznych o Statej Grubosci Scianek 
(Torsion of Thin-Walled Conical Tubes 
with Constant Wall Thickness). Jerzy 
Rutecki. Arch. Mech. Stosowanej (War- 
saw), No. 2, 1955, pp. 231-246. In Pol- 
ish, with summaries in English and Rus- 
sian. Development of a torsional theory 
based on the Galerkin approximation 
method under the assumptions of un- 
changed cross-sections of the tube in their 
planes and of a zero shearing strain for 
the element in a tangential plane at a given 
value of the displacement components of 
any point of the bar. 

Stress Considerations in the Design of 
Pressurised Shells. Appendix I—Spheri- 
cal Shell with Reinforced Circular Open- 
ing. Appendix II—Spherical Shell with 
Cap of Greater Thickness. Appendix III 
—Shell Reinforced by Widely Spaced 
Frames (No Stringers). Appendix IV— 
—Shell Reinforced by Widely Spaced 
Frames (with Stringers). Appendix V— 
Neutral Holes in Developable Surfaces. 
Appendix VI—Efficiency of Eccentrically 
Placed Reinforcement. E. H. Mansfield. 
Gt. Brit. ARC CP 217, 1955. 27 pp. 
BIS, New York. $0.75. 


Elasticity & Plasticity 


Elastisch-plastische Knickung einiger 
nichtprismatischer Stébe. M. Zyczkow- 
ski. Bul. Acad. Polonaise Sci. (Warsaw), 
No. 3, 1955, pp. 129-134. In German. 
Practical applications of the theoretical 
principles of elastic-plastic buckling of 
nonprismatic rods. 

The Matric Solution of Certain Non- 
linear Problems in Structural Analysis. 
Paul H. Denke. J. Aero. Sci., Mar., 1956, 
pp. 231-236. Use of the matric formula- 
tion of the Maxwell-Mohr equations to 
solve problems characterized by the de- 
pendence of the flexibility matrix upon the 
internal load as for the cases of nonlineari- 
ties resulting from plasticity and from cer- 
tain types of buckling in terms of given 
general nonlinear load and deflection equa- 
tions. 

Note on the Definition of Homogeneity 
and Heterogeneity of Elastic Curvilin- 
early Anisotropic Bodies. J. Nowiriski. 
Bul. Acad. Polonaise Sci. (Warsaw), No. 
3, 1955, pp. 135-138. 


On the Foundations of the Theory of 
Non-Homogeneous Elasto-Plastic Bodies. 
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II. W. Olszak. Bull. Acad. Polonaise Sci. 
(Warsaw), No. 3, 1955, pp. 111-117. 

The Plane Problem of the Theory of 
Plastic Flow of Non-Homogeneous Bodies. 
W. Olszak. Bul. Acad. Polonaise Sci. 
(Warsaw), No. 3, 1955, pp. 119-124. 


Plates 


The Buckling of Isosceles Triangular 
Plates Subjected to Combined Compres- 
sion and Shear. Hugh L. Cox. J. Aero. 
Sct., Mar., 1956, pp. 287, 288. 

Charts Relating the Compressive Buck- 
ling Stress of Longitudinally Supported 
Plates to the Effective Deflectional and 
Rotational Stiffness of the Supports. 
Roger A. Anderson and Joseph W. Semon- 
ian. (U.S., NACA TN 2987, 1983.) 
U.S., NACA Rep. 1202, 1954. 19 pp. 
16 refs. Supt. of Doc., Wash. $0.25. 

Correlation of Crippling Strength of 
Plate Structures with Material Proper- 
ties. Appendix A—Plate Tests in V- 
Groove Edge Fixtures. Appendix B— 
Effective Stress-Strain Curves. Ap- 
pendix C—WMaterial Strength Moduli. 
Roger A. Anderson and Melvin S. Ander- 
son. U.S., NACA TN 3600, Jan., 1956. 
50 pp. 19 refs. 

The Inextensional Theory for Thin 
Flat Plates. E.H. Mansfield. Quart. J. 
Mech. & Appl. Math., Sept., 1955, pp. 
338-352. Simplified large-deflection the- 
ory applied to cantilever and other thin 
plates subjected to normal loading re- 
sisted primarily by the flexural rigidity 
of the plate rather than by the extensional 
rigidity. 

The Problem of a Couple Acting on the 

Periphery of a Circular Hole in an In- 
finite Plate. F. Szelagowski. Bul. Acad. 
Polonaise Sci. (Warsaw), No. 3, 1955, 
pp. 139-144. 
_ Réwnania Dynamiczne Odksztatconej 
Srodkowej Powierzchni Plyty w Przypadku 
Dowlnego Obciagzenia (Dynamic Equa- 
tions of Deformation of the Middle Sur- 
face of a Plate Subjected to an Arbitrary 
Load). Edmund Szczepaniak. Arch. 
Mech. Stosowanej (Warsaw), No. 2, 1955, 
pp. 221-230. In Polish, with summaries 
in English and Russian. Derivation of 
equations for the case of continuously 
distributed vertical loads acting on the 
upper and lower surfaces. 

Zagadnienia Dynamiki i Statecznosci 
Ptyty Prostokatnej o Nieciagtych Warun- 
kach Brzegowych (Some Problems of Dy- 
namics and Stability of a Rectangular 
Plate with Discontinuous Boundary Con- 
ditions). Witold Nowacki. Arch. Mech. 
Stosowanej) (Warsaw), No. 2, 1955, pp. 
266-284. In Polish, with summaries in 
English and Russian. 


Testing 


An Axial Loading Creep Machine. Ap- 
pendix I—Calculations Showing the Speci- 
men Load Error Due to Displacement of 
the Creep Machine Lever from Hori- 
zontal. Appendix II—Calculations for 
Bending of Eccentrically Loaded Speci- 
men. M. H. Jones and W. F. Brown, Jr. 
ASTM Bul., Jan., 1956, pp. 53-60. 

A Bend-Test Method of Determining 
the Stress Required to Cause Creep in 
Tension. J. B. Wachtman Jr,, and L. H. 


Maxwell. ASTM Bul., Jan., 1956, pp. 
38, 39. USAF-sponsored investigation. 


Bending and Impact Tests of Cast-Iron, 
Cast-Steel, and Nodular-Iron Valve Bod- 
ies. J. O. Jeffrey and R. H. Hanlon. 
(ASME Diamond Jubilee Annual Meet- 
ing, Chicago, Nov. 13-18, 1955, Paper 
55-A-10.) Mech. Eng., Jan., 1956, pp. 
23-27, 30. 11 refs 

Column Tests on Some Proposed Alu- 
minium Standard Structural Sections. R. 
E. Smith. ADA Res. Rep. 28, Nov., 1955 
43 pp. 17 refs 


Some Design Considerations for Tear- 
Resistant Airplane Structures. Arne 
Sorensen. JAS 24th Annual Meeting, 
New York, Jan. 23-26, 1956, Preprint 618 
15 pp. Members, $0.50; 
$0.85. 


Tension Testing Apparatus for the Tem- 
perature Range of —320 F to —452 F. 
E. T. Wessel. ASTM Bul., Jan., 1956, 
pp. 40-46. 17 refs 


mmembers, 


Thermal Stress 


Influence of Aerodynamic Heating on 
the Effective Torsional Stiffness of Thin 
Wings. Appendix A. Appendix B— 
Free-End Effect on Thermal Stress and 
Torsional Stiffness. Bernard Budiansky 
and J. Mayers. JAS 24th Annual Meet- 
ing, New York, Jan. 23-26, 1956, Preprint 
579. 27 pp. Members, $0.65; nonmem- 
bers, $1.00. 


O Zagadnieniu Termosprezystym w 
Przypadku Osrodkéw o Dowolnej Orto- 
tropii Krzywoliniowej (On Thermoelastic 
Problems in the Case of a Body of an Ar- 
bitrary Type of Curvilinear Orthotropy). 
J. Nowinski, W. Olszak and W. Urbanow- 
ski. Arch. Mech. Stosowanej (Warsaw), 
Nov. 2, 1955, pp. 247-265. 13 refs. Gen- 
eral theoretical development in terms 
of the classical equations of Duhamel 
and Neumann as applied to the cases of 
an unknown function which is the radial 
displacement of a thick-walled cylinder 
of infinite length with symmetrically cir- 
cular temperature distribution, an analo- 
gous problem of a thin circular ring solved 
for the stress components, and a thick- 
wall sphere using a spherical type of elastic 
and thermal transversal orthotropy with 
the temperature assumed to be the func- 
tion of the radius only in determining the 
state of stress. 


Thermodynamics 


Liquid-Vapor Phase Equilibrium in 
Solutions of Oxygen and Nitrogen at 
Pressures Below One Atmosphere. 
George T. Armstrong, Jack M. Gold- 
stein, and D. Ellis Roberts. (Res. Paper 
2629.) U.S, NBS J. Res., Nov., 1955, 
pp. 265-277. 15 refs. USAF-sponsored 
investigation. 


Heat Transfer 


Elementi di Gasdinamica delle Miscele 
(Elements of Gasdynamics of Mikx- 
tures). II. Gianni Jarre. L’Aerotecnica 
(Rome), Aug., 1955, pp. 186-194. 10 
refs. In Italian. Analysis of the phe- 
nomena of viscosity, conduction, and dif- 
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fusion using thermodynamic methods for 
irreversible processes, with an evaluation 
of the hypotheses of these processes, par- 
ticularly the Onsager theorem, as being 
basic to the kinetic theory of gases. 

Experimental Investigation of Air-Flow 
Uniformity and Pressure Level on Wire 
Cloth for Transpiration-Cooling Applica- 
tions. Patrick L. Donoughe and Roy A, 
Mckinnon. (U.S., NACA RM E52E16, 
1952). U.S., NACA TN 3652, Jan., 1956 
28 pp. 

The Thermal Conductivity of Liquid and 
Gaseous Oxygen. H. Ziebland and J. T, 
A. Burton. Brit. J. Appl. Phys., Dec., 
1955, pp. 416-420. 13 refs. 


Vertical Take-Off Aircraft 


Technical Aspects of Steep-Gradient 
Aircraft. Maurice A. Garbell. Jnteravia, 
Jan., 1956, pp. 27-34. Analysis of design 
problems, trends, and potentialities, in- 
cluding a tabular breakdown of the main 
categories of powered aircraft in major 
flight phases. 


Water-Borne Aircraft 


Hydrodynamic Impact Loads in Smooth 
Water for a Prismatic Float Having an 
Angle of Dead Rise of 10°. Philip M. 
Edge, Jr. U.S., NACA TN 3608, Jan, 
1956. 20 pp. 

Hydro-Ski Development at Saunders- 
Roe. Ii. P. G. Fielding. Saro Prog., 
Winter, 1955, pp. 10-14. Review of 
hydrodynamic engineering and problems, 
with results of design tests on models. 

Return of the Seaplane. Joseph Good- 
year. Ordnance, Jan.-Feb., 1956, pp. 
593-597. Developmental survey of de- 
sign trends and potentialities. 


Wind Tunnels & Research 
Facilities 


The Eleventh British Commonwealth 
and Empire Lecture: The Growth of Aero- 
nautical Research in Canada During the 
Post-War Decade. J. J. Green. J. 
RAeS, Dec., 1955, pp. 791-828. 79 refs. 
Includes a comprehensive review of the 
literature. 

Note on the Accuracy of Supersonic 
Tunnels. R. E. Meyer. J. RAeS, Dec., 
1955, p. 847. Method to obtain criteria 
for measurements of aerodynamic forces 
in terms of interference corrections for the 
production of sufficiently accurate nozzles 
as applied to the case of drag of an airfoil 
in two-dimensional supersonic flow cal- 
culated by a pressure traverse down- 
stream. 

Problems Associated with the Design 
and Construction of Wind Tunnels. E. F. 
Burford. Brit. Welding J., Dec., 1959, 
pp. 541-549. Includes analyses of such 
factors as high operating temperatures, 
vibration, drumming, and noise. 

Instrumentation of GALCIT Hypersonic 
Wind Tunnels. Paul E. Baloga and 
Henry T. Nagamatsu. GALCIT Memo 
29, July 31, 1955. 28 pp. 


(Continued on page 197) 
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Aeronautical Reviews 


ACOUSTICS 
Acoustic Principles, Practical Application. 
D. J. W. Cullum. London, E. & F. N. Spon, 
Ltd., 1955. 200 pp., diagrs., tables. $2.00 


A reprint of the 1949 edition 
to provide in concise form information dealing 


Its purpose is 


with architectural acoustics and soundproofing 
in buildings 


AIRPORTS 


Minutes of the Eighth Annual Airport Develop- 
ment and Operation Conference, Syracuse, N.Y 
September 27, 1955. Albany, New York State 
Department of Commerce, 1956 

Contents: 
munity Relations Program, C. E 
Small Aircraft—Can They Pay Their Way 
John M. Harris. Aviation’s Role in the New 
York State Economy, Edward T. Dickinson 
Problems of Air Traffic Control, Panel Discus 
sion. Airport Fire and Crash Protection, Panel 


95 pp 
Developing a Strong Airport Com- 
Rosendahl! 


Discussion. Canada’s Elementary Flying Train 


ing Program, G. C. McDonald 


COMPUTERS 


A Survey of Automatic Digital Computers. 
N. M. Blachman, J. B. Kruskal, Jr.. J. J. Wolf 
and D. L. Hogan. (U.S., Office of Naval Re- 
search.) Office of Technical 
109 pp., tables. $2.00. 

This survey presents data on nearly 100 auto 


Services, 1955 


matic digital computers intended for more or less 
general-purpose computation. For the most 
part, this information was obtained by means of 
questionnaires during the month of February 
1953. For each computer, pertinent data are 
given in standard 
headings as: 

ming Service; 


tabular form under such 
Built by; Installations; Program 
Computing Time; Floor Area; 
Cooling; Best Suited for; Power Consumption; 
Word Length; Operations (Performed); 
puting Element; 


Com- 
Explana 
tion of necessary terms is given in the introduc 
tion, and three indexes give a list of com 
puters by name, a list of the builders, and the 
geographical location of both the builders and the 
computers 


Components, etc 


DIRECTORIES 


The Aviation Industry—A Report on Plants 
and Facilities. Edited by HughC. Judge. New 
York, AERONAUTICAL ENGINEERING REVIEW 
1956. 32 pp 

This directory lists the plants and facilities of 
organizations in the United States known to 
be engaged in original work in research, design, 
and final assembly phases of aircraft, missile, and 
power-plant development. A special listing of 
wind-tunnel installations is included, giving the 
location of each facility, type of tunnel, size of 
test section, and flow velocity. 

Contents: (1) The Aviation Market. (2) 
Regional Breakdown of Aircraft Plants & Facil 
ities. (3) Manufacturing Plants: Military & 


Large Transport Aircraft; Light Aircraft; 
Helicopters, Convertiplanes, & VTO; Guided 
Missile, Rocket, & Pilotless Aircraft; Aircraft 
Engines. (4) Government Research and Test 


Facilities. (5) U.S 
(6) Wind Tunnel Installations: 
University; Privately Owned 


Wind Tunnel Facilities 


Government; 


ELECTRONICS 


Advances in Electronics and Electron Physics, 


Vol. 7. L. Marton, Editor. New York, Aca 
demic Press, Inc., 1955. 527 pp., illus., diagrs., 
tables. $11.50 


Originally titled ‘‘Advances in Electronics,’’ 
the series’ permanent title is now ‘‘Advances in 
Electronics and Electron Physics.’"’ This vol- 
ume combines physical and engineering elec 
tronics with electron physics. The emphasis is 
on related solid-state phenomena 

Contents: The Physics of Semiconductor 
Materials, Elias Burnstein and Paul H. Egli 
Theory of the Electrical Properties of German 
ium and Silicon, Harvey Brooks. Characteristic 
Energy Losses of Electrons in Solids, L. Marton, 


Lewis B. Leder, and H. Mendlowitz. Sputtering 
by Ion Bombardment, Gottfried K. Wehner 
Observational Radio Astronomy, J. P. Wild 


Analog Computers, A. W. Vance, E. C. Hutter, 
J. Lehmann, and M. L. Wadlin. Electrical Dis 
charge in Gases and Modern Electronics, L 
Goldstein. 

Proceedings of the RETMA Symposium on 
Automation. University of Pennsylvania, Sep- 
tember 26, 27, 1955. Sponsored by the Engi 
neering Department of the Radio-Electronics 
Television Manufacturers Association. New 
York, Engineering Publishers, 1956. 114 pp., 
illus., diagrs. $5.00. 

Contents: A System for Automatic Produc 
tion of Electronic Assemblies, Cledo Brunetti 
and George Kwasniewski. Design and Manufac- 
ture of Automation Components, Louis Kahn 
Obtaining Reliability and Versatility in High 
Production Mechanized Assembly Equipment, 
Joseph Harrington, Jr. Sylvania Automatic 
Assembly Equipment and its Application to a 
5-Tube AC/DC Radio Chassis, Carl F. Carlzen. 
Milestone of Automation, D. A. Griffin. Fac- 
tory Automation by Digital Control, J. A. Pot 
ter. An Automated Ticket Reservation System, 
Craig Andrews. Automatic Warehousing, Gif 
ford Kittredge. Automation of Non-Circular 
Gear Cutting by UNIVAC-120, A. H. Stillman 
and F. W. Cunningham. The Future of Auto 
mation—Panel Discussion. ‘*Minn-A-Matic,”’ a 
Machine for Short Run Production, D. F. Pennie. 
A Functional Approach to Automatic Systems 
and Standardization, F. C. Collins and K 
Hesdoeffer. The Production of Electronic Cir- 
cuits by Mechanized Wiring. S. J. 
Felix Rosenthal. 


Begun and 
Automation and Subminiature 


For information on IAS 
Library Services, 
see page 155 


Statements and opinions ex- 
pressed in Book Reviews are to 
be understood as individual ex- 
pressions and not necessarily 
those of the Institute. 
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System, R. J. Roman. Redesign for Automatic 
Production of Electronic Equipment, M. R. 
Johnson. Signal Corps Component Program for 
Automation, S. F. Danko and R. A. Gerholdt. 
Automation from the Component Manufacturers’ 
Viewpoint, J. D. Heibel and James H. Foster. 
Philosophy of Component Design and Packaging 
for Mechanized Assembly of Printed Wiring 
Boards, R. B. Lynn. 


EQUIPMENT, HYDRAULIC 
& PNEUMATIC 


Hydraulic and Pneumatic Operation of 
Machines. H. C. Town. New York, Philo- 
sophical Library, 1956. 191 pp., illus., diagrs., 
tables. $7.50. 

H. C. Town is the Head of the Engineering De- 
partment of Keighley Technical College and has 
prepared his book for the studert, as well as for 
the engineer and designer in all branches of gen- 
eral and production engineering. The more re- 
cent developments in fluid power transmission 
are concerned with pressure applied to the op- 
eration of industrial machinery, and it is for this 
growing aspect of hydraulics that the author in- 
tends to practical information. Ad- 
ditionally, the material deals with the use of 
pneumatic power which may be correlated with, 
or have similar applications to. that of hydraulic 
transmission. 

Part I of the book describes the advantages 
and limitations of oil for power transmission and 
shows the main types of pumps used. A chapter 
is devoted to the important and little-known 
advantages of the hydraulic rotary drive. Mod- 
ern accumulator systems are described, then hy 
drokinetic transmission. This chapter includes 
diagrams of fluid coupling and torque-converters 
with descriptions of their applications to modern 
automatic gear-changing devices. 


provide 


Part II, dealing with pneumatic developments, 
includes chapters on air compressors and struc- 
tural details, the operation and maintenance of 
pneumatic tools, and the design of pneumatic cir- 
cuits. The subject of air-operated jigs and fix- 
tures is discussed, followed by industrial applica- 
tions of air control of brakes, clutches, conveyors, 
and aircraft components. The book concludes 
with examples of hydropneumatic devices dealing 
with oil control of air pressure, and describes cir- 
cuit control design, tracer-controlled copying de- 
vices, and aircraft components. 


FLUID DYNAMICS 


Fluid Dynamics of Jets. Shih-I Pai. New 
York, D. Van Nostrand Company, 1954. 227 
pp., illus., diagrs. $5.00. 

Shih-I Pai, Associate Professor at the Institute 
for Fluid Dynamics and Applied Mathematics, 
University of Maryland, presents the experi- 
mental and theoretical facts about the steady 
flow of a jet of gas issuing from a nozzle into the 
surrounding stream at rest or in uniform motion. 
The book is intended not only as an introduction 
to this problem for advanced students in aero- 
dynamics but also as a reference for research 
workers in this field. There is a wide range of 
practical applications in problems of propulsion, 
external flow and testing of live rockets and jets, 
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ry 


unusual 
career 
opportunity 
at IBM’s 


AIRBORNE COMPUTER LABORATORY 


At IBM’s Vestal*, New York, Laboratory 
is gathered a group of computer engineers 
whose entire efforts are devoted exclusively 
to the development and perfection of 
airborne computers. 


In support of these engineers are the 
finest IBM engineering facilities, experienced 
staffs of logicians, mathematicians and 
other specialists, and an engineering know- 
how accumulated during 42 years of building 
the world’s finest mechanical, electrical 
and electronic computing equipment. 


At the Vestal Laboratory, you’ll work in 
a climate of creativeness with stimulating 
associates on today’s most advanced projects. 


If you are an engineer with experience in any 
of the following fields, we’d like to tell you more 
about this unusual opportunity and outline other 
advantages of working with IBM: digital and 
analog computer circuitry and design— 
transistor circuitry—electronic display 


systems—microwave theory and wave 
guide design—component application and 
evaluation—electronic packaging— power 
supply design—servo and servo-control 
systems—optics—systems analysis and 
operations research—instrumentation 
theory and design—field engineering. 
Write, outlining your interests and 
qualifications to: A. N. Hurst, Room 4404, 
International Business Machines Corp) 
Endicott, New York 


*near Binghamton and Endicott, N.Y. 


Producer of electronic 

data processing machines, 
electric typewriters, 

and electronic time equipment. 


jet pump design, flow mixing processes, heat 
transfer, hydraulics, and air pollution. The 
theoretical methods discussed are also ap. 
plicable to the study of the problems of wakes 
and cavitation. Bibliography is cited at the end 
of each chapter. There is a detailed breakdown 
of material discussed under the following chapter 
headings 1) Flow of a Jet of Imviscid and 
Incompressible Fluid. (2) Subsonic Flow of a 
Jet of Inviscid Fluid. (3) Supersonic Flow of a 
Jet of Inviscid Fluid. (4) Laminar Flow of a Jet of 
Viscous Fluid (5) Turbulent Flow of a Jet of 
Incompressible Fluid (6) Turbulent Flow of a 
Jet of Compressible Fluid. (7) Jet Mixing of 
Gases of Different Kinds. (8) The Stability of a 
Jet of Incompressible Fluid. (9) Stability of a 
Jet of Compressible Fluid. Appendix 


MANPOWER 


Papers of the Fourth Conference on Scientific 
Manpower; 12lst Meeting of the American As 
sociation for the Advancement of Science, Ber- 
keley. Calif.. December, 1954 Washington, 
DC National Science Foundation, 1955. 47 
pp., diagrs., tables. 

Contents: Implications for Natural Science, 
L. A. Durbridge; Comments, Marsh W. White 
Implications for Social Science, Conrad Taeuber; 
Comments, Donald W. Taylor. Implications for 
Science Teaching, Ralph W. Tyler; Comments 
John R. Mayor. Estimated Volume of Research 
and Development Expenditures by Federal 
Government in 1955, Raymond H. Ewell 
Estimated Volume of Research and Develop- 
ment Expenditures by Industry in 1955, A. L 
Lyman; Comments, J. E. Hobson. Selective 
Service and Military Reserve Developments 
Car] Hinshaw. 


MATERIALS 


Plastic Progress, 1955; Papers and Discus- 
sions at the British Plastics Convention, 1955 
Edited by Phillip Morgan. London, Iliffe & 
Sons; New York, Philosophical Library, 1956 
432 pp., illus., diagrs., tables. $17.50 

Contents: The Synthesis of New Types of 
Addition Polymers, H. W. Melville Discussion 
on “Polymer Structure and Properties."’ Recent 
Advances in the Radiation Treatment of Poly- 
mers, A. Charlesby. The Molecular Weight of 
Polythene—Its Measurement and Significance, 
S. W. Hawkins. Discussion on ‘‘ Polymer Struc- 
ture and Properties.’’ The Chemistry of Modern 
Blowing Agents, R. A. Reed. The Technology 
and Uses of Polyurethane Foams, L. N. Phillips 
Discussion on ‘‘Expanded Plastics.’’ Dispersion 
of Polytetrafluoroethylene, H. M. Whitcut 
New Nylon Polymers and Compositions, R. H 
Birtles. Discussion on ‘‘Thermoplastics."’ Fun- 
damental Problems of Single-Screw Thermo- 
plastic Extruders, E. Gaspar Discussion on 
“Extrusion.’"” Work Study and the Plastics In- 
dustry, J. Grange Moore Productivity and 
Methods in Moulding, A. L. Sparshott Discus- 
sion on ‘‘Work Study and Productivity.” The 
Effect of Injection Moulding Variables on the 
Quality of Mouldings, K. C. Bryant and G. 
Hulse. Discussion on ‘‘Injection Moulding.” 
Recent Advances in Injection Moulding Tech- 
niques and in the Evaluation of Moulding Mate- 
trials, G. Campbell and L. L. Griffith. Runners, 
Gates, and Vents for Thermoplastic Moulds, A 
G. Elwell. Discussion on ‘Injection Moulding.” 
Patents and the Plastic Industry, a Chartered 
Patent Agent. Discussion on Patents. Devel- 
opment in the Use of Plastics in the Foundry, 
P. G. Pentz. Discussion on ‘‘Foundry Resins.’ 
Consistency in Glass Fibre Reinforced Moulding, 
J. Rees. Glass Reinforced Plastics in Auto- 
mobile Construction, H. Silman. Discussion on 
‘‘Glass Reinforced Plastics.” Chemical 
gineering Possibilities in Glass Reinforced 
Plastics with Special Reference to Polyester 
Resins, J. R. Stevenson and V. Evans. The 
Testing and Development of High Quality Glass 
Fibre/Polyester Laminates, P. H. H. Bishop 
and E. Haythornthwaite. Epoxide Resin/Glass 
Laminates, W. J. Marmion, Discussion on 
‘Glass Reinforced Plastics.”” Subject Indes 
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MATHEMATICS 


Numerical Analysis, With Emphasis on the 
Application of Numerical Techniques to Problems 
of Infinitesimal Calculus in Single Variable. 
Zdenék Kopal. New York, John Wiley & Sons 
1955. 556 pp., tables. $12. 

This is an introduction to the numerical 
analysis of the functions of a single real variable 
based on courses given by the writer to students 
of science and engineering at Massachusetts 
Institute of Technology between 1947 and 1951 
The author is now Professor of Astronomy at the 
University of Manchester. Ina systematic man 
ner he develops the analytical basis of such nu- 
merical processes as are necessary for an algebrai- 
zation and numerical solution of a wide range of 
problems of the infinitesimal calculus which are 
encountered daily in physics or engineering but 
which are not amenable to solution by formal 
mathematical methods. His aim has been two 
provide an advanced undergraduate textbook, as 
well as a research handbook for certain branches 
of numerical analysis. There are frequent 
numerical examples to illustrate many of the 
points 


METALS & ALLOYS 


Steels for the User. R. T. Rolfe. Srd Ed 
Revised and Enlarged. New York Philo- 
sophical Library, 1956. 399 pp., illus., diagrs., 
tables. $10 

The lapse of 13 years since the publication of 
the second edition has necessitated a considerable 
amount of revision. The text has been increased 
15 per cent and the illustrative matter 17 per cent. 
The book deals substantially with carbon steels 
alloy steels are discussed only for the duties for 
which carbon steels are unsuitable, as with nitrid 
ing steels and those for high-temperature services 

Titanium. A. D. McQuillan and M. kK 
McQuillan. New York, Academic Press; Lon- 
don, Butterworths Scientific Publications, 1955 
466 pp., illus.. diagrs., tables. $10. 

This is the fourth in the series, ‘‘Metallurgy of 
the Rarer Metals,”’ under the editorship of H. M 
Finniston, Head of the Metallurgy Division 
Atomic Energy Research Establishment, Har- 
well, Berkshire. The authors present a full ac 
count of the basic properties of titanium metal 
and its alloys rather than the details of its indus 
trial technology. Nevertheless, since titanium 
technology is unusually dependent on the funda 
mental nature of the metal, the principles involved 
in all aspects of the production and processing of 
titanium on an industrial scale have been dis 
cussed. Each chapter has been written bearing 
in mind the needs of those readers most likely to 
be interested in the particular aspect of the sub- 
ject concerned. A unique and helpful feature of 
the book is the detailed subdivision under each 
chapter head which transforms the Table of 
Contents into a valuable adjunct to the Subject 
Index 


Contents: 1) History and Occurrence of 
Titanium. (2) Recovery of Titanium Metal 
from its Ores. (3) Purification of Titanium 


(4) Melting and Casting of Titanium and its 
Alloys. (5) Fabrication and Joining of Tita 
nium. (6) Physical Properties of Titanium (7) 
Constitution of Titanium Alloys. (8) Defor 
mation Mechanisms and Textures. () Trans- 
formations in Titanium and Titanium Alloys 
(10) Mechanical Properties of Titanium (11 
Heat-treatment and Mechanical Properties of 
Titanium-rich Alloys. (12) Reaction of Tita 
tium with Gases. (13) Corrosion of Titanium 
(14) Metallographic Techniques for Titanium and 
its Alloys 


METEOROLOGY 


Rain-Making, Its Present Position and Future 
Possibilities. A. K. Roy. New Deihi, Council 
of Scientific & Industrial Research, 1955. 31 
Pp.,illus.,diagrs. 60 refs 


NAVIGATION 


2nd Technical Symposium on TACAN, Nov. 
3-4, 1955, Washington, D.C. U.S. Air Naviga- 
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tion Development Board. Washington, D.C., 
1956. 1 vol., illus., diagrs., tables. 

Contents: Introduction to the General Sys- 
tem Session, John L. Loeb. The TACAN Sys 
tem, Sven H. Dodington. Propagation Aspects 
of TACAN System Coverage, Martin D. Decker. 
TACAN System Evaluation, J. S. Prichard. 
Evaluation of the TACAN System, Technical 
Development Report No. 261, R. C. Borden, T 
W. Wonnel, R. B. Flint, S. L. Kades, and J. R 
Hoffman. Azimuth Errors of the TACAN Sys 
tem, DeWitt T. Latimer, Jr. TACAN System 
Evaluation, J. R. Knight. The AN/URN-3, 
T. M. Douglas. The AN/URN-3 Antenna, 
Anthony M. Casabona. The AN/URN-3 An 
tenna (Field Experience), Robert A. Olson 
Description of MX-1627/URN-3, Monitor Equip 
ment for AN/URN-3, E. Bradburd. Test 
Equipment for the AN/URN-3, D. Laurence 
Jaffe. The AN/ARN-21, Archie F. Boscia 
ARN-21 Instrumentation in Use with TACAN, 
Milton Brown. TACAN Test Equipment, 
Lloyd C. Downes. Problems Encountered Dur 
ing the Installation of AN/ARN-21 Equipment 
“TACAN" in Military Aircraft, Robert J. 
Klessig. Report on the AN/ARN-21 (XN-10) 
Program, John C. McElroy. AN/URN-3 New 
Antenna Development, R. M. Sprague. Low 
Power TACAN, William J. Ward 
System Application, DeLoss K. Martin. 


Common 


POWER PLANTS 


Aircraft Gas Turbines. C. W. Smith. New 
York, John Wiley & Sons, 1956 
$8.75 

The material contained in this book is es 
sentially that covered by the author in his courses 
at the Daniel Guggenheim School of Aeronautics 
New York University, where he has been Adjunct 
Professor of Aeronautical Engineering since 1946 


448 pp., diagrs 


Similar courses during the same period have been 
given to engineers of the Aircraft Gas Turbine 
Division, General Electric Company. For secur 
ity reasons, and since details vary widely and 
change rapidly, the material presented is limited 
to fundamentals. Included are sufficient ther- 
modynamic and aerodynamic theory for a full 
understanding of the subject. This is the first 
book to adopt throughout the practice of expres 
sing the equations in terms of the isentropic fac 
tor x. This method results in considerable sim 
plification of equations and greater ease of cal 
culation (tables of x are provided in the text). 
Although nearly all equations are presented in a 
physical form so that they are independent of 
units and of maximum generality, ‘‘working”’ 
equations are also given where needed. 

Contents: (1) Introduction. (2) Elementary 
Principles of Aircraft Propulsion. (3) The 
Brayton Cycle. (4) Cycles Derived from the 
Basic Brayton Cycle. (5) Other Gas Turbine 
Cycles. (6) Elementary Gas Dynamics. (7) 
Theory of Flow in Ducts, Nozzles and Diffusers. 
(8) Intake and Exhaust Systems of Aircraft Gas 
Turbine Power Plants. (9) Transfer of Energy 
Between a Fluid and a Rotor. (10) Centrifugal 
Compressors. (11) Axial-Flow 
(12) Turbine and Exhaust System. 


Compressors 

(13) Com 
bustion Chamber. (14) Elements of Dynamic 
Similarity. (15) Working Criteria. (16) Con 
troland Accessories. (17) Stresses and Materials, 
(18) General Performance and _ Installation 


Appendix. Bibliography 


Solid Propellant Rockets. Alfred J. Zaehrin 
ger. Wyandotte, Mich., American Rocket Co 
1955. 162 pp., illus., diagrs., tables. $4.00 

Written for the engineer or scientist, this book 
is a general introduction to the field of solid pro- 
pellant rockets. Some sections, such as that on 
testing, are also applicable to liquid propellant 
rockets and should prove useful to those involved 
in that particular field. Mr. Zaehringer, Presi 
dent of the American Rocket Co., is aware of the 
limitations of a general treatment and has be- 
gun work on two companion volumes to imple- 
ment and supplement the present edition, particu- 
larly in the field of propellants and combustion. 
Bibliographies and a list of references, a table of 
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symbols, a glossary, and author and subject in- 
dexes are provided. 

Contents: (1) Introduction and History. 
(2) Interior Ballistics. (3) Processing. (4) 
Exterior Ballistics. (5) Static Testing. (6) 
Dynamic Testing. (7) Applications. 


RESEARCH 


Proceedings of the Ninth Annual Conference 
on the Administration of Research, September 
7-9, 1955, Northwestern University Technolog- 
ical Institute, Evanston, Ill. New York, New 
York University Press, 1956. 107 pp. $4.00. 

Contents: Research Relationships Today and 
Yesterday: Research Relationships Between 
Government and the University, Ralph A. Mor- 
gen. Research Relationships Between Govern- 
ment and Industry. Daniel P. Barnard. 

Current Views on Research Relationships: 
Summary of Statistical Data on Government- 
Sponsored Research, Raymond H. Ewell. Uni- 
versity Executives’ Viewpoints on Government 
Research Relationships, J. W. Buchta. Industry 
Executives’ Viewpoints on Government Research 
Relationships, Allen Abrams. 

Industry and University as Sources of Re- 
search for Government: Industry and Univer- 
sity as Sources of Research Operations for the 
Armed Services, D. L. Putt. Industry, Univer- 
sities, and National Laboratories as Sources of 
Research Operations for the Atomic Energy Com- 
mission, Thomas H. Johnson. 

Improving Research Relationships: How Can 
Methods of Obtaining and Awarding Contracts 
be Improved, Morris T. Carpenter. How Can 
the Working Relations Between Contractors and 
Government Administrators be Improved, John 
H. Richardson. Closing Remarks, R. W. Cairns. 

Summaries of Group Discussions: Negotiating 
and Procuring the Contract, William Davis. 
Effective Relations in Government-Sponsored 
Research, Thomas Killian. Utilizing Research 
Results, Charles Kimball. Communications in 
Research, Oscar Maier. 

The Future of Research: For Industry, E. D. 
Reeves. For Universities, Clifford C. Furnas. 
For Government, H. Guyford Stever. 


ROTATING WING AIRCRAFT 


Helicopter Navigation Requirements. F. Dorn 
Barclay and Gordon S. Wiley. Menlo Park, 
Calif., Stanford Research Institute, 1955. 
97 pp., diagrs., tables. 

This report, prepared for Bendix Aviation 
Corporation, presents the probable requirements 
for aids to helicopter navigation in the period 
1958-1965. Factors of time and economics as 
they are affected by operations over various sug 
gested helicopter routes are analyzed. This anal- 
ysis indicates the relative merit of helicopter 
operations along established airways versus direct 
city to city operations. The results indicate a 
requirement for an area-coverage system of 
navigation aids. A typical military mission is 
investigated. Within the limits of the postu- 
lated mission parameters, a method of operation 
is suggested, and navigation accuracy require- 
ments are determined. The report also presents 
a brief investigation of the relationship between 
operating frequency and complexity for a radio 
aid and a discussion of the influence of rotor blade 
modulation on the design of a radio aid. Market 
factors pertaining to helicopter navigation aids 
are given as a guide to future sales planning. 


SPACE TRAVEL 


200 Miles Up; The Conquest of the Upper Air. 
J. Gordon Vaeth. 2nd Ed. New York, The 
Ronald Press Co., 1951. 261 pp., illus., diagrs. 
$5.00. 

The White House announcement on July 29, 
1955, that the United States will launch minimum 
earth-circling satellites during the International 
Geophysical Year has re-emphasized the im- 
portance of high-altitude exploration. This 
second edition of Mr. Vaeth’s book gives an ac- 
count of the whole American program of upper 
air research and relates this program to its latest 
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are interested in a career in 


NUCLEAR POWER 


Combustion Engineering 
has immediate openings for 
SENIOR POSITIONS at its new 
NUCLEAR ENGINEERING AND 


DEVELOPMENT CENTER 
WINDSOR, CONNECTICUT 


Challenging careers are open to qualified 
PHYSICISTS 
MATHEMATICIANS 
METALLURGISTS 
MECHANICAL ENGINEERS 
CHEMICAL ENGINEERS 
AERONAUTICAL ENGINEERS 
ELECTRICAL ENGINEERS 
NUCLEAR ENGINEERS 
DESIGN ENGINEERS 
STRUCTURES ENGINEERS 


Power is Combustion’s business, whether the heat 
source be conventional or nuclear fuels. For nearly 
three-quarters of a century, C-E has been designing 
and manufacturing equipment for the generation of 
steam to produce power. A decade ago, it moved natu- 
rally into the nuclear power field. And now, with the 
new facilities under construction and completed at its 
Chattanooga plant—and the _ soon-to-be-completed 
Center at Windsor — Combustion is uniquely qualified 
for a leading role in the atomic power industry. 


Combustion is the third major contractor selected by 
AEC to design and build a Naval nuclear propulsion 
system — and will be the first company in the country 
to complete such a contract using its own facilities. It 
is also designing and manufacturing a large portion of 
the reactor vessels and steam generators for electric 
utility and Naval nuclear power plants. 


At Combustion’s Nuclear Center in Windsor, only 
8 miles from Hartford, you will find CAREERS — not 
jobs — and the opportunity for advanced education at 
nearby graduate schools under Combustion’s tuition 
reimbursement plan. Moreover, you can establish your 
home in a delightful countryside providing every facil- 
ity for pleasant living. Relocation assistance is, of 
course, provided. 8.908 


Must be U. S. Citizen. Replies held in 
strict confidence. Submit complete resume. 


COMBUSTION ENGINEERING, Inc. 
REACTOR DEVELOPMENT DIVISION 

Room 1021, Port Authority Bldg., 111 Eighth Ave., New York, N.Y. 
Phone: MUrray Hill 9-4600, Ext. 720 
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ING REVIEW—APRIL, 1956 


When you write to manufacturers whose advertising appears 
in the 
Aeronautical Engineering Review, 
it will be of interest to the companies 


and of benefit to the Institute if you mention that you saw it 


in the 


Aeronautical Engineering Review 


FOR YOUR 
1956 Advertising Program 


AERONAUTICAL 
ENGINEERING 
REVIEW 


For your monthly advertising messages 
to the aircraft industry's engineering and 
design personnel—the men who _in- 
fluence buying. 


MEDIA DATA FILE 


Now Available! 


12 pages of FACTS on your market 
and the REVIEW. 


Write for your free copy TODAY! 


OFFICIAL PUBLICATION 


INSTITUTE OF THE 
AERONAUTICAL SCIENCES, INC. 


2 East 64th Street 
New York, New York 
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development, the artificial satellite. The major 
portion of this book is devoted to a description of 
the atmospheric ocean and the vehicles, equip- 
ment, and techniques employed to sound it 
Specific chapters deal with the V-2, Aerobee, and 
Viking firings at the White Sands Proving 
Ground and on shipboard, as well as the probing 
of the sky by use of Skyhook balloons. The per- 
formance of these vehicles and the scientific 
findings made possible through their complex 
instrumentation are evaluated Looking toward 
the future, the author attempts to predict the 
shape of high-altitude things to come and, in a 
chapter on ‘‘The Minimum Satellite,’’ describes 
the principles inherent in this unique type of re- 
search vehicle. In the closing chapter, ‘‘Be 
yond the Earth,” the author, in order to stress 
that the upper atmosphere and minimum satel 
lite programs of today will become the space re 
search programs of tomorrow, gives his own por 
trayal of the future evolution of flight beyond this 
planet, 


STRUCTURES 


Proceedings of the Society for Experimental 
Stress Analysis, Vol. 13, No.1. Edited by C. V 
Mahlmann and W. M. Murray. Cambridge 
Mass., The Society, 1955. 213 pp., illus., 
diagrs., tables. $6.00. 

Contents: Electrical Analog Solution of Cer 
tain Non-Linear Problems in Vibration and 
Elastic Stability, F. R. Berry, Jr. Influence of 
Fluid Pressure on SR-4 Strain Gages, H. Majors, 
Jr. Conventional Wire Strain Gage Used as a 
Principal Stress Gage, H. R. Lissner and C. C 
Perry; Discussion, P. D. Flynn. Further 
Studies on Properties and Stresscoat, A. J 
Durelli, R. H. Jacobson, and S. Okubo. Discus- 
sion of Papers Entitled: ‘‘Study of Some Prop- 
erties of Stresscoat’’ (Vol. 12 No. 2) and ‘‘Fur- 
ther Studies of Properties of Stresscoat,”’ F. B 
Stern, Jr. Letter to the Editor: Advances in 
the Art of Stresscoat Analysis, E. C. Clark. 
Deviations from Straightness of Carefully Ma- 
chined and Centered Columns, B. Erickson, S. V 
Nardo, and N. J. Hoff. Basis for the Design of 
a Three-Dimensional Ballistocardiograph, D. M 
Cunningham and G. W. Brown. An Investiga- 
tion of the Dynamic Properties of Plastic and 
Rubber-Like Materials, E. Volterra, R. A 
Eubanks, and D. Muster. Fillets Without 
Stress Concentration, R. Lamsard. Structural 
Design Problems in Gas Turbine Engines, P. N 
Bright. A Miniature Oscilloscope and Vibration 
Pickup for Nodal Pattern Tracing, S. N. Shafer 
and R. Plunkett. Pressure Tank and Instru- 
mentation Facilities for Studying the Strength of 
Vessels Subjected to External Hydrostatic Load- 
ing, E. E. Johnson. Barium Titanate Strain 
Gages, J. W. Mark and W. Goldsmith. The 
Use of Foil Gages to Measure Large Strains Un 
der High Fluid Pressure, M. C. Steele and L. C 
Eichberger. Strain Gage Applicator, S. W 
Leszynski. Prediction of Brittle Coating Strain 
Sensitivity Based on a Statistical Regression 
Analysis, J. W. Dally and A. J. Durelli. The 
NACA Combined Load Testing Machine, R. W 
Peters. A Response Spectrum Analyser for 
Transient Loading Studies, T. K. Caughey and 
D. E. Hudson. Stress Gradients in Grooved 
Bars and Shafts, M. M. Leven. 


WATER-BORNE AIRCRAFT 


The Next 20 Years: 1955-1975. Hoboken 
N.J. Experimental Towing Tank, Stevens In 
stitute of Technology, 1955. 46 pp., illus., 
diagrs 

Contents: On Twentieth Anniversaries; A 
Clinical Study, K. S. M. Davidson. Influence 
of Sea Conditions on the Speed of Ships, Edward 
V. Lewis. Fractional Replication, a New Tool 
Future Submerged Hydrodynamic Research, 
Bruen H. Peters. An Experimental Towing 
Tank for Small Models, Kenneth S. M. Davidson 
The Future of Computers, S. M. Shackell 
Capsule History of Experimental Towing Tank. 
Future Aspects of Motor Vehicles. Future 
Trends of Water-Based Aircraft. Dan Savitski. 
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MECHANICAL DESIGN 


LABORATORY TEST 


CONVAIR 


UNEQUALLED 
OPPORTUNITIES 
IN ENGINEERING 


Now is the time... Convair is 
the place! Yes! If you are 
planning for a career in 
engineering look to Convair 


£ Pomona, the leader in Electronics. 


HYDRAULICS 


America’s fastest growing young 
industry. Now engaged in 
Design, Development, Engineer- 


ing and production of Electronic 
equipment and complex weapons 
systems. Convair-Pomona is 
the country’s only exclusive 
guided missile plant, with 

the most modern, best equipped 
engineering facilities. Be 

first with Convair, live in 

the beautiful Pomona Valley 
only minutes from Los Angeles, 
the mountain, seashore and 

} desert playgrounds. Country 
living near the city 

at its best! 


Generous travel allowance 
to Engineers who are accepted. 


Write now enclosing a 


ENGINEERING complete resume to: Dept. 3-N 


CONVAIR 


A DIVISION OF 


GENERAL DYNAMICS 
CORPORATION 


POMONA 


CALIFORNIA 
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ARE YOU A TOP-NOTCH 
MATERIALS ENGINEER? 


A key position is now open in high temperature 
test work at our large, West-coast engineering 
and manufacturing company. 


| THE WORK 


You will set up high temperature test programs to obtain: 
(1) Mechanical and physical properties, (2) Stress-strain 
or load-deformation information, and (3) Creep and 
fatigue data. You will also analyze, evaluate and correlate 
experimental data, write technical reports, consult with 
design and structures engineers. 


EXPERIENCE 


We would like you to have 5 to 8 years in stainless steel 
and special high temperature alloys with some titanium 
experience, and experience with materials testing pro- 
cedures. Some stress-analysis background would be 
helpful. Education: B.S. or better in engineering or 
metallurgy. 


We believe this is an outstanding opportunity. After we 
discuss the matter of money, and you learn more about 
our fine working conditions and ‘‘fringe’’ benefits, we 
feel you will agree. 


For further information, write: Box 735, Aeronautical Engineering Review 


Where inthe World do You Want to Go 
in Your ENGINEERING CAREER? 


If you are seeking an opportunity to further your career 
with a fine company . . . look no further. 


TWA presently has openings for Aeronautical, Mechani- 
cal, Electrical and Electronic Engineers to work with a 
small, select group of engineering associates. This 
arrangement gives each engineer the opportunity to 
demonstrate his ability and to advance within the com- 
pany ... the opportunity to build his future with the 
world’s finest airline. 


Qualifications: B.S. in Engineering. 
Location: TWA’s ultra modern building now nearing 
completion at Kansas City, Mo. 


Living Conditions: Excellent, both city or suburban 
private homes or apartments. 


Benefits: Many employee benefits, including liberal 
free transportation for yourself and family 
each year. 


Salary: Commensurate with experience. 


If you are an engineer with qualifications in any of these 
fields explore your opportunity with TWA today. Write: 


Mr. R. Paul Day, Employment Manager 


TRANS WORLD AIRLINES 


Kansas City 5, Missouri 
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| AERONAUTICAL 


THE APPLIED PHYSICS LAB- 
ORATORY OF THE JOHNS 
HOPKINS UNIVERSITY offers an 
exceptional opportunity for pro- 
fessional advancement in a well- 
established Laboratory with a rep- 
utation for the encouragement of 
individual responsibility and self- 
direction. ‘ 
Our program of 
GUIDED MISSILE 
RESEARCH and 
DEVELOPMENT 
> provides such an opportunity 
for men in: 
SUPERSONIC MISSILE DESIGN 
WIND TUNNEL TESTS AND 
DATA ANALYSIS 
RAMJET DESIGN AND ANALYSIS 
MISSILE SYSTEMS DEVELOPMENT 
DESIGN AND LAYOUT OF 
MISSILE COMPONENTS 
> RESEARCH AND ANALYSIS IN 
AERODYNAMIC STABILITY & 
CONTROL 


Please send your resume to: 


Professional Staff Appointments 


APPLIED PHYSICS LABORATORY 
THE JOHNS HOPKINS UNIVERSITY 


8605 Georgia Avenue 
a Silver Spring, Maryland 


ENGINEERS | 
are needed 


for work in 


applied research | 
and development 


Theoretical and experimental 
work in the field of fundamental 
and applied aerodynamics and 
propulsion. 


Applied research in the field of 
eeroelasticity, structures, and 
guided missile research. This 
work includes theoretical analysis 
of dynamic problems, including 
over-all optimization of guidance 
systems and their components; 
mechanization, solution and analy- 
sis of problems using analogue 
computers; electronic component 
| design, development and evalue- | 
tion. 


C.A.L. employs approximately 
400 engineers and scientists. 
Its benefit program compares 
favorably with the best found 
in large concerns. 
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Personnel Opportunities 


This section is for the use of individual members of the Institute seeking new connections and 
7 organizations offering employment to Aeronautical specialists. Any member or organiza- 
tion may have requirements listed without charge by writing to the Secretary of the Institute. 


Wanted 


Engineers—Exceptional opportunities for 
servomechanism engineers with initiative in the 
expanding Systems Section of North American’s 
Columbus Division. Apply now for analysis and 
development work in servomechanisms in the fol- 
lowing fields: hydraulics, dynamic analysis, 
analog computer applications, guidance and con- 
trol, mechanical and electromechanical automatic 
controlling systems. M.Sc. or equivalent experi 
ence in aircraft or related fields required. Contact 
J. H. Papin, Personnel Manager, Department 
56 AR, North American Aviation, Inc., Columbus 
16, Ohio. 


Research Assistants—Opportunities for full- or 
part-time employment on Government contracts 
in mechanics with emphasis on elasticity, vibra- 
tions, and electronic instrumentation. Some 
applied mathematics or electromechanical experi- 
ence desirable. Graduate study commensurate 
with research duties available in engineering 
mechanics, civil engineering, mechanical engi- 
neering, and applied mathematics. Salary to 
$6,000 for 12 months’ full-time employment. 
Information may be obtained from W. L. Sawyer, 
Head, Department of Engineering Mechanics, 
University of Florida, Gainesville, Fla 


Engineers—Aeronautical, mechanical, indus- 
trial, metallurgical, electrical, and electronic 
engineering positions are available with the Over- 
haul and Repair Department at the Marine Corps 
Air Station, Cherry Point, N.C. Starting salaries 
range from $4,345 to $6,390 per annum and will 
be commensurate with experience. The positions 
will include the origination, development, and 
issuance of engineering directives and specifica- 
tions relative to the design, development, modifi- 
cation, and testing of Naval aircraft, jet engines, 
air-borne electronic and pneumatic equipment, 
and their related components, as well as plant 
engineering duties related to plant facilities and 
equipment. Send completed Standard Form 57, 


The number preceding the notice 
represents the Box Number of the In- 
stitute of the Aeronautical Sciences to 


which inquiries should be addressed. 


Application for Federal Employment, to: In- 
dustrial Relations Department, U.S. 
Corps Air Station, Cherry Point, N.C. 


Marine 


Scientists—Engineers—The Wright Air De- 
velopment Center has openings for research sci- 
entists and engineers for experimental and 
theoretical research on elevated temperature and 
fatigue effects on structures and the development 
of design criteria to account for these effects; on 
servomechanism and control problems concerning 
automatic control systems for aircraft; and on 
aspects of aircraft dynamic problems. For further 
information, write Commander, Wright Air De- 
velopment Center, ATT: WCRRN, Wright- 
Patterson Air Force Base, Ohio, enclosing a com- 
pleted Standard Form 57, 
Federal Employment. 


Application for 


Aeronautical Engineers—The Navy Depart- 
ment, Bureau of Aeronautics, has a number of 
positions available in the following fields of 
aeronautical engineering including research and 
development: structural loads, vibration and 
flutter, aerodynamic heating, cruise control, per- 
formance, and related mechanical, electrical, and 
electronic components. Salaries for most posi- 
tions are at the GS-11, $6,390 per annum, and 
GS-12, $7,570 per annum, levels. Positions re- 
quire 21/2 or 3!/2 years of experience. Applica- 
tions, Standard Form 57, should be sent to: 
Bureau of Aeronautics, Personnel Division (PE- 
202), Main Navy Building, Washington 25, D.C. 


Aeronautical Engineer—To teach aerody- 
namics, airplane design, and applied mechanics. 
Should have M.S. degree and some industrial 
experience. Salary and rank according to quali- 
fications. Apply: Department of Mechanical 
Engineering, Oregon State College, Corvallis, 
Ore. 


Engineers—Wright Air Development Center, 
Wright-Patterson Air Force Base, Ohio, has 2 
continuing need for engineers and_ scientists 
skilled in aeronautical research, development, 
and design. Salaries range from $5,440 to $8,990 
per year for the following positions: Aerody- 
namics Development Engineer, Aircraft Flutter 
and Vibration Engineer, Aeronautical Research 
Eaogineer, Aircraft Structural Development 
Aeronautical Engineer (Parachute 
Development), Aeronautical Research Develop- 
ment and Design Engineer, Aircraft Design Engi- 
neer (Ejection Seats), Aircraft Modification 
Design Engineer, Aircraft Structural Loads 
Engineer, Flight Test Enginéer, Aircraft Per- 
formance Engineer, and Aircraft Preliminary 
Engineer. 


Engineer, 


Engineers—Scientists—The Armament Center 
at Eglin Air Force Base, Florida, has recently been 
given the responsibility for the development of 
aerial munitions—including guns, bombs, rockets, 
fuzes, guided-missile warheads, and related 
equipment—exclusive of nuclear weapons. Posi- 
tions in fields covered by this responsibility have 
now become open and are currently being filled. 
Our openings lie mainly for those qualified for 
Civil Service Grades between and including 
GS-5 and GS-14. The personnel most urgently 
needed are physicists, mechanical engineers, 
ballisticians, and especially electronic engineers. 
Applicants chosen in these grades may expect to 
receive between $3.670 and $10,320 annually. 
Those interested in applying should submit 
Standard Form 57, Application for Federal Em- 
ployment, to: Civilian Personnel Office, 3201st 
Air Base Wing, Eglin Air Force Base, Florida. 


COMPANY and LOCATION 


Arma Division, Garden City, 196 
Avco Defense & Industrial Products, Stratford, Conn.......... 131 


INDEX TO ADVERTISERS seeking Engineering Personnel 


PAGE 


COMPANY and LOCATION 


Johns Hopkins University, Applied Physics Laboratory, Silver 


Boeing Airplane Co., Seattle, Wash. 157 
Combustion Engineering, Inc., New York, N.Y.....-2eeeeeeeeee 192 
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ENGINEERS 


INERTIAL NAVIGATION 


Immediate openings for ARMA, recognized for its accomplishments in the fields 
Supervisory and Staff of navigation and fire control, is a leader in the 
positions as well as for development of Inertial Navigation. This new system 

Senior Engineers, deals solely with space, time and acceleration... 
Engineers, and acting independently of external influences. 


Associate Engineers, 
Creative engineering of the highest order is required 


experienced in: 
to develop components making Inertial Navigation 


SYSTEMS EVALUATION possible: accelerometers to measure acceleration; 
GYROSCOPICS integrators to convert this information into velocity 
DIGITAL COMPUTERS and distance; gyros to provide directional reference 
ACCELEROMETERS and hold the system stable; computers to calculate 
TELEMETRY course-to-steer and distance-to-go. Components 
GUIDANCE SYSTEMS must meet rigid weight and size requirements... 
STABILIZING DEVICES and function with undreamed-of accuracy. 
SERVOMECHANISMS ARMA, one of America’s largest } 
AUTOMATIC CONTROLS equipment, offers unlimited opport 
THERMODYNAMICS in this great endeavor. Challenging projects and ARMA's 
OPTICS extensive supplementary benefits make an ARMA career 
ENVIRONMENTAL RESEARCH doubly attractive. ARMA engineers are currently 
TRANSFORMERS working a 48-hour week at prem rates to meet 
a critical demand in the Defense Dept.’s missile 


program. Moving allowances arranged. 
Send resume to: 


Technical Personnel Dept. 2-500 


MO division of American Bosch Arma Corporation 


Roosevelt Field, Garden City, Long Island, N. Y. 


AERODYNAMITCIST 


with SD or more 
years experrence 


Give your experience a real opportunity to expand. 
Work on both jet and rocket engine propelled air- 
craft. We need people who are ready to assume 
important responsibilities in preliminary design 
and evaluation of piloted aircraft. 


You will work with the first team, on advanced pro- 
jects... be concerned with configuration design, spe- 
cial performance evaluation and the development 
of practical methods of aerodynamics analysis. 


To qualify, you need a Bachelor’s or better. We can 
offer you salary, benefits and advanced opportuni- 
ties equal to—more often better—than any in the 
aircraft industry. 

Send us your resume and background for a personal ap- 
pointment to Box No.737, Aeronautical Engineering Review. 


producers of ultra-precise 
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Engineers—Fairchild Engine Division of the 
Fairchild Engine and Airplane Corporation, Deer 
Park, Long Island, N.Y. Diversified engineering 
positions are available involving engine research 
design, design and performance analysis, test 
engineering, compressor and turbine design, con- 
trol systems, and other engineering operations 
associated with the general field of design and 
development of gas-turbine power plants. These 
opportunities result from expanded programs in 
a new plant and gas-turbine laboratory. Send 
résumé to: Felix Gardner, Fairchild Engine 
Division, Deer Park, Long Island, N.Y 


726. Professor of Aeronautical Engineering— 
Opening for qualified staff member to teach aero. 
dynamics at undergraduate and graduate levels 
Advanced degree required. Position available in 
a state university located in Middle Atlantic area 
Applicants should furnish résumé of education 
and experience in initial reply. 


719. Analytical Engineers, Engineering Physi- 
cists, Applied Mathematicians—Expanding re 
search, development, and consulting organization 
has exceptional openings for senior personne] in 
terested in applying the most advanced scientific 
knowledge to engineering problems. Experience 
in one or more of the following fields is desired 
aerodynamics, heat transfer, aerothermody 
namics, system dynamics, and _ performance 
analysis. These are top positions for personne! 
capable of independent work and supervision of 
others. Salary $12,000—-$14,000. Our activities 
are in advanced missiles, jet engines, and nuclear 
power plants. Northern New Jersey location 


Available 


734. Air-Line Pilot—With mechanical and 
aeronautical (aerodynamics) degree, presently 
employed with foreign air line. Desires position 
in research, flight testing, or aeronautical ad- 
ministration. Citizenship applied for. Associ 
ate Fellow of the Royal Aeronautical Society 
Résumé available. 


733. Executive—Missile field—desires to 
change position. Prefers location on the West 
Coast. Many years’ experience with leading 
American companies. Was associated with bal 
listic, air to ground, and air to air projects 
Expert (Ph.D.) in guidance, automatic control 
system analysis, and flight testing. Good design 
production, and administrative background 
Interested only in top technical or administra 
tive positions. State position and salary available 
in the first letter. 


731. Aeronautical Engineer—Presently em- 
ployed in the engineering test laboratory of a 
West Coast air-frame manufacturer. Desires to 
relocate in the East or Midwest. B.S.E. degree 
in Aeronautical Engineering from the University 
of Michigan, specializing in propulsion. Four 
years’ experience with turbojet engines as a test 
engineer. Some design and instrumentation ex- 
perience in conjunction with various test pro- 
grams. Also conducted tests on engine and fuel 
system components. Veteran of 4 years’ active 
service as a pilot in World War II; presently in 
the inactive reserve. Age 32. 


730. Aeronautical Engineer—With 16 years’ 
experience specializing in the fields of operations 
research, systems analysis, aerodynamics, dy 
namics, structures, control and stability as applied 
to guided missiles, fixed and rotary-wing aircraft; 
including technical administrative experience in 
missile evaluation and systems analysis. Desires 
to establish an operations research or systems 
analysis group. 


729. Summer Teaching or Research Work— 
Ph.D., Assistant Professor in aeronautical engi- 
neering department of a Midwestern state uni- 
versity seeks summer teaching or research work 
in the field of aeronautics. 


725. Research Engineer—Age 32; Sc.D. in 
Applied Mechanics, broad background in applied 
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mathematics. Six years’ research and develop- 
ment experience in aeroelasticity and aircraft 
structures, including experimental flutter research 
mode! design and testing, aircraft load, and stress 
analysis. Desires responsible position offering 
wide interest and opportunity. 


724. Representative—Executive—B.A and 
M.B.A 14 years’ aircraft experience 
(sales, service, and production) 
buyer aircraft equipment 


degrees; 
Government 
Field and factory 
representative. Automotive staff experience 
Desires association with aviation division of com 
Midwest or Southwest 


important. 


mercial equipment firm. 


preferred Opportunity Brochure 


available 


722. Administrative Assistant—General Man- 
agement—Mechanical Engineer. Age 29. Six 
years’ experience—plant operations, administra 
tion and research, aviation industry, pilot. Ex- 
perienced in technical conferences, customer rela 
tions, equipment specifications, and evaluation 
programs. Excellent coordinator, troubleshooter, 
and expediter. Desires association in aviation 
products or related manufacturing fields. Mid- 
west or East location. 


PERSONNEL OPPORTUNITIES 


Reviews 


(Continued from page 188) 


Investigation of the Effect of Short Fixed 
Diffusers on Starting Blowdown Jets in the 
Mach Number Range from 2.7 to 4.5. 
John A. Moore. U.S., NACA TN 3545, 
Jan., 1956. 32 pp. 

Temperature Control of Blow-Down, 
Supersonic Tunnels. T. A. Thomson. 
J. RAeS, Jan., 1956, pp. 67-70. Review 
of experimental and operational data 
covering factors of pressure compensa- 
tion, heat addition, and temperature res- 
toration from stored heat. 

A Method of Boundary Layer Flow 
Visualisation for Use in Flight. P. B. 
Atkins and R. S. Trayford. Australia, 
ARL FN 22, July, 1955. 15 pp. Adapta- 
tion of the china clay technique. 

A Schlieren System for Perforated Wall 
Type Transonic Wind Tunnels. Ap- 
pendix—Factors Affecting the Sensitivity 
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of the Multiple-Source Schlieren. Eugene 
Behun. USAF WADC TR 54-511, Dec., 


1954. 38 pp. 

A Wide Range Schlieren System. H. 
Jeffree. J. Sci. Instr., Jan., 1956, pp. 
29, 30. Development of methods to 
obtain high sensitivity and fine detail 
simultaneously required for wind-tunnel 
flow-visualization problems. 

Methods of Determination and of Fix- 
ing Boundary Layer Transition on Wind 
Tunnel Models at Supersonic Speeds. 
k. G. Winter, J. B. Scott-Wilson, and 
F. V. Davies. Git. Brit., ARC CP 212 
(Sept., 1954), 1955. 27 pp. 21 refs. 
BIS, New York. $0.75. 

Model Testing Technique Employed 
in the R.A.E. Seaplane Tank. Appendix 
I—Longitudinal Instability Characteris- 
tics. Appendix II—Spray and Wake For- 
mation. T. B. Owen, A. G. Kurn, and 
A. G. Smith. Gt. Brit., ARC R&M 2976 
(Sept., 1953), 1955. 59 pp. 23 refs. 
BIS, New York. $3.75. 


Sherman M. Fairchild Publication Fund Papers 
Non- Nora- 
Member member Member member 
No. Price Price No. Price Price 
FF-13 The Floating Integrating Gyro and Its 229 Wave Profle of a Vee-Planing Surface, 
Application to Geometrical Stabili- Including Test Data on a 30° Dead- 
zation Problems on Moving Bases— rise Surface—Experimental Towin 
> Draper, W. Wrigley, and L. R. 63:00 ~— Tank, Stevens Institute of Technology. $1.20 $1.60 
rohe. 
: . . 170 Wave Contours in the Wake of a 10° 
FF-12 Testing Techniques (A Sym- Deadrise Planing Surlace—Experi 
mental Towing lank, Stevens Insti- 
FF-11 Wetted Area and Center of Pressure of tute of Technology. 1.20 1.60 
Planing Surfaces at Very Low Speed 
Coefficients — Experimental Towing 169 The Discontinuous Fluid Flow Past an Im- 
Tank, Stevens Institute of Technology. 1.20 1.60 
ing lank, Stevens Institute of lech- 
FF-10 Improved Solutions ofthe Felner apd 075 1.00 
M. O. Smith. 0.75 1.25 168 Wave Contours in the Wake of a 20° 
FF-9 A Hydrodynamic Study of the Chines- Deadrise Planing Surface—Experi- 
Dry Planing Body—Experimental mental Towing Tank, Stevens Insti- 
Tank, Stevens Institute of tute of Technology. 1.20 1.60 
echnology. 
FF-8 Compressive Buckling of Plates Due to 167 On 
Forced Crippling of Stiffeners, Parts I Experimental Towing Tank, Stevens 
—-?. P. Bijleard and G. S. John- 1.30 2.00 Institute of Technology. 0.75 1.00 
FF-7 Natural Flight and Related Aeronau- 166 = An_Analysis of the Fluid Flow in the 
tics—James L. G. Fitz Patrick. 2.65 3.50 
FF-6 Wetted Length and Center of Pressure Towing Tank, Stevens Institute of 
of Vee-Step Planing Surfaces—Ex- Technology. 1.20 1.60 
perimental Towing Tank, Stevens In- 
stitute of Technology. 1.20 1.60 165 Theory and Practice of Sandwich Con- 
FF-4 Finite Deflection ot Curved Sandwich struction in Aircraft (A Symposium). 1.85 2.50 
ates an andwic ylinders—f. icati 
K. Teichmann and Chi-Teh Wans. 050 0.85 
FF-3 The of a Holt Ashley. 1.15 1.50 
edge—txperimental lowing Tank, 
Stevens Institute of Technology. 1.20 1.60 126 y 
FF-2 Study of the Flow, Pressures, and and G.L. Pigman. ‘0.75. 1.00 
Loads Pertaining to Prismatic Vee- 
Planing Surfaces—Experimental Tow- 106 Measurement of Ambient Air Tempera- 
“ Tank, Stevens Institute of Tech- one oie ture in Flight—W. Lavern Howland. 0.35 0.50 
nology. 
: : 104 Tensor Analysis of Aircraft Structural 
AHS-1 Vibration—Charles E. Mack, Jr. 1.85 2.50 
roug! xi-Symmetric Ducts wit @ 
Prescribed Wall Contours—Charles Elmer C. Lundquist. 0.60 0.80 
E. Mack, Jr., and Ignace |. Kolodner. 0.75 1.25 101 
244 Wetted Area and Center of Pressure of G. Coffin. 2.65 3.50 
Planing Surfaces—Experimental Tow- 
ing Tank, Stevens Institute of Tech- Blade Pitching Moments of a Two- 
nology. 0.75 1.00 Bladed Rotor—R. W. Allen. 0.75 1.00 
Papers should be ordered by number from: 
Publications Department, Institute of the Aeronautical Sciences, Inc. 
2 East 64th Street, New York 21, N.Y. 
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